Germination ecology of shattercane (Sorghum bicolor (L.) Moench) and giant foxtail (Setaria faberi Herrm) by Kegode, George Ogada
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1995
Germination ecology of shattercane (Sorghum
bicolor (L.) Moench) and giant foxtail (Setaria
faberi Herrm)
George Ogada Kegode
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Kegode, George Ogada, "Germination ecology of shattercane (Sorghum bicolor (L.) Moench) and giant foxtail (Setaria faberi Herrm)
" (1995). Retrospective Theses and Dissertations. 10950.
https://lib.dr.iastate.edu/rtd/10950
INFORMATION TO USERS 
This maimsa^t has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from azQr type of conq>uter printer. 
The qnali^ of this reproduction is dependent upon the qnali^ of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, piint bleedthrough, substandard margirK;^ 
and ioqiroper aligmnent can adversefy affect rq)roduction. 
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these wiU be noted. Also, if 
unauthorized copyright material had to be removed, a note win indicate 
the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand comer and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the bade of the book. 
Photographs induded in the original manuscript have been reproduced 
xerographically in this copy. Hi^er quali^ 6" x 9" black and white 
photographic prints are available for azy photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 
A Bell & Howell information Company 
300 North Zeeb Road. Ann Arbor. Ml 48106-1346 USA 
313.'761-4700 800/521-0600 

Germination Ecology of Shattercane {Sorghum bicolor (L.) Moench.) 
A Dissertation submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Crop Production and Physiology 
and Giant Foxtail {Setariafaberi Herrm.) 
by 
George Ogada Kegode 
Approvef 
In Charge of Major Work 
For the Major Department 
re College For the 
Iowa State University 
Ames, Iowa 
1995 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
DHI Number: 9540910 
DMI Micco£oriii 9540910 
Copyright 1995, by OHI Company. All rights reserved. 
This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 
U M I  
300 North Zeeb Road 
Ann Arbor, MI 48103 
ii 
DEDICATION 
I dedicate 
Manasseh 
this dissertation to my wife, Redempta Boy Kegode, and son, Fadhili 
Kegode. 
iii 
TABLE OF CONTENTS 
PAGE 
GENERAL INTRODUCTION 1 
The Soil Seed Bank 1 
Germination Ecology 2 
Shattercane Biology 3 
Giant Foxtail Biology 4 
Seed Dormancy 4 
Dissertation Organization 5 
1. VARIABILITY IN GERMINATION WITHIN SHATTERCANE AND 
GIANT FOXTAIL SEEDLOTS 6 
Introduction 7 
Materials and Methods 8 
Results and Discussion 11 
2. INFLUENCE OF SHADE AND DEPTH OF SEED ON EMERGENCE 
OF SHATTERCANE AND GIANT FOXTAIL 21 
Introduction 22 
Materials and Methods 23 
Results and Discussion 25 
3. PERIODICITY OF SHATTERCANE EMERGENCE AND SEED 
SURVIVAL 38 
Introduction 38 
Materials and Methods 39 
Results and Discussion 42 
iv 
4. INFLUENCE OF ENVIRONMENT DURING PLANT GROWTH AND 
MATURATION ON GERMINATION OF MATURE SHATTERCANE 
AND GIANT FOXTAIL SEEDS 53 
Introduction 53 
Materials and Methods 54 
Results and Discussion 57 
5. INFLUENCE OF TEMPERATURE, PHOTOPERIOD, AND WATER 
DEFICIT DURING DEVELOPMENT AND MATURATION OF 
SHATTERCANE AND GIANT FOXTAIL SEEDS ON 
GERMINABILITY 70 
Introduction 70 
Materials and Methods 71 
Results and Discussion 74 
GENERAL CONCLUSIONS 85 
REFERENCES CITED 87 
ACKNOWLEDGEMENTS 95 
APPENDIX 96 
1 
GENEI^SiL PRODUCTION 
In crop production the presence of weeds results in interference with crop growth 
and development, leading to lower yields and/or reduced crop quality. For this reason 
some method of weed control is vised for every cultivated acre in Iowa. One of the 
characteristics of a troublesome weed is seed dormancy, which allows a weed to appear 
in a crop field years after the last seed-bearing plant was present in the field. To reduce 
precautionary and emergency weed control treatments (i.e., herbicide application) for a 
more sustainable agriculture, a better imderstanding of weed seed dormancy in general 
and differences within and between weed species is necessary. Knowing dormancy 
factors might allow producers to delay or encourage germination of weed species to 
facilitate weed control measures and the possibility of eradication of some weed species 
from a specific area. 
The Soil Seed Bank 
Mature seeds and fruits, such as achenes and caryopses, are dispersed from 
plants and either stay on or are incorporated into the soil. This is the seed bank (Leek 
et al., 1989; Baskin and Baskin, 1989). Seed banks can either be 'Transient' (complete 
turnover in less than one year) or 'Persistent' (some seeds remain in the bank longer 
than one year), this being mainly a measure of the persistence of seed dormancy 
(Grime, 1989; Wilson, 1988). Each year a portion of seed in the seed bank germinates. 
Bradbeer (1988) defines germination as the eventual function of a surviving seed, 
followed by the growth of the embryo to give a mature plant. Protrusion of the radicle 
through the seed coat is the usual measure for the occurrence of germination. Under 
field conditions, however, germination is complete when seedlings emerge from the soil. 
Prediction models are being developed to determine economic threshold levels for 
weeds. These models need information on how weed-seed banks influence weed 
infestations and may someday give management recommendations that could reduce or 
eliminate precautionary chemical applications for weed control. 
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Germination Ecology 
Germination in response to enviroiunental cues, e.g. temperature and light, is an 
important source of variability in seed bank d)Tiamics (Baskin and Baskin, 1989; 
Simpson, 1990). Plants from different habitats produce seeds whose germination 
behavior varies considerably. Many grass seeds can be kept in a state of dormancy on 
the surface of soil, or beneath a vegetation canopy, in response to a specific ratio of 
red/far-red light that is relatively independent of light intensity (VanDerWoude, 1989). 
The phytochrome pigment that mediates this response can influence the timing of 
germination in seeds that lie on the soil surface and also in coarsely structured soils that 
permit light to penetrate as deep as 2.2 cm (Wilson, 1988). 
Weed seed depth in the soil influences germmation and seedling development 
(Wilson, 1988). Seeds at or just below the soil surface often germinate more than seeds 
buried deeper in the soil (Wicks et al., 1971). Seed placed deep by plowing may 
remain dormant until ftirther tillage places them where emergence may occur. 
Therefore, the vertical movement of seed, from deep depth to shallow depth, may 
induce germination. By placing the seed in a more conducive environment, dormancy 
patterns may be broken as a result of appropriate temperature fluctuation, gas exchange 
and moisture (Baskin and Baskin, 1988; Bewley and Black, 1994). 
Depth of seed burial and depth of seedling emergence are two related variables 
(Wilson, 1988). After deep burial, many seeds do not germinate due to soil 
enviroimients such as excess carbon dioxide, or lack of light, oxygen, and water 
(Harper, 1957; Taylorson, 1982). In one study, the effect of planting date was not 
significant for depth of germination, but seedlings in all treatments emerged from deeper 
positions for the late planting date. It was therefore concluded that higher temperatures 
can explain the larger number of seeds emerging from deeper positions late in the 
season. 
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Shattercane Biology 
Shattercane (Sorghum bicolor (L.) Moench) is an annual forage-type weedy 
sorghum that causes millions of dollars in lost grain production in Iowa, Nebraska, 
Kansas, South Dakota, Indiana, Kentucky and Oklahoma (Wilson, 1972; Fellows, 1992). 
Sorghum plants growing in different crops or sorghirai off-tj^es in sorghum crops are 
considered weeds, and commonly named shattercane (Bumside, 1965). Shattercane 
plants demonstrate considerable variability in morphology, principally due to 
hybridization, suggesting a continuum between Sorghum halapense and Sorghum bicolor 
(Klier, 1988; Oyarzabal, 1989). Shattercane plants usually occur with deciduous, sessile 
spikelets, are tall, dark-glimied with lax, open inflorescence and with no rhizomes. 
Shattercanes are polyphyletic; that some originated as hybrids or as segregants of 
hybrids between various taxa of Sorghum, and others are derivatives of cultivated 
sorghum that mimic wild types (Vesecky et al., 1973; Klier, 1988). 
Sorghum is mainly a self-fertilized species, but cross pollination is possible to 
some degree (Schertz and Dalton, 1980; Clark and Rosenow, 1968). Shattering of seeds 
represents an excellent strategy as a dispersal mechanism for this species. A single 
shattercane panicle can produce between 500 and 1500 seeds, and as many as 23 x 10^ 
viable seeds per acre were found in heavily infested fields in Nebraska (Bumside, 1968; 
Bximside, 1984). Its pernicious nature is aided by the ability of its seed to reach the 
groimd by shattering before maturity of the crop in which it is growing. In this way 
shattercane seed populations in the weed-seed bank are continuously replenished with 
every season of shattercane growth. Shattercane can increase in a field from a few 
scattered plants to a serious problem in 3-4 years (Bumside et al., 1977). Therefore, the 
problem posed by shattercane presents an appropriate research tool to better understand 
weed-seed banks in general and, more specifically, shattercane weed-seed bank 
dynamics. The shattercane weed-seed bank that develops in the field is not well 
understood but is considered to be short-lived. Though shattercane seed can survive in 
undisturbed soils for 13 years when buried at 22 cm (Bumside et al., 1977), the nature 
of its persistence in fi-equently cultivated soils requires investigation. 
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Giant Foxtail Biology 
Giant foxtail (Setaria faberi Herrm) is thought to have been introduced into the 
United States via grain imported from China in the early 1900's (Fairbrothers, 1959; 
Femald, 1944). Thereafter, giant foxtail spread along railroads and became an 
established weed in the Midwest by the 1950's (Evers, 1949; Pohl, 1951). During this 
time the increasing acreage of annual crops such as com and soybeans with similar life 
cycles to that of giant foxtail may have been favorable for its spread (Knake, 1990). 
Under field conditions giant foxtail usually begins to emerge when mean soil 
temperatures reach about 10 to 16 C (Knake, 1990). Thereafter, germination can 
continue throughout the growing season. Giant foxtail starts tillering a few weeks after 
emergence and a large plant may produce 20 to 30 basal tillers. In addition, the nodes 
of the main culm may produce 10 to 20 stem tillers (Knake, 1972). The number of 
tillers giant foxtail plants initiate is influenced by closeness of neighboring plants, 
shading, and environmental conditions (Santlemaim et al., 1963). Each tiller is capable 
of producing a panicle with between 500 and 1400 seeds. Seeds shatter and fall to the 
ground when mature and become incorporated in the soil seed bank. 
At maturity a majority of giant foxtail seeds are dormant and require an extended 
period of cool temperatures before they can germinate (Staniforth, 1965). Frequently 
disturbing the soil as in cultivation promotes giant foxtail germination and emergence 
from a wide range of depths (King, 1952). In cultivated areas an average of 410 giant 
foxtail seedlings/ft^ capable of emerging (Knake, 1960) and competing with crops 
resulting in substantial yield reductions (Staniforth, 1957; Knake and Slife, 1962; Knake 
and Slife, 1965; Knake and Slife, 1969). 
Seed Dormancy 
Seed dormancy has been classified as primary and secondary (Koller, 1972; 
Villiers, 1972; Bewley and Black, 1994). Primary dormancy obstructs germination 
during seed development and maturation while on the mother plant and for some time 
after shedding. Secondary dormancy evolves in seeds after harvest or dispersal. 
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Conditions that inhibit germination, such as extreme temperature, lack of light and 
oxygen, or moisture conditions, may contribute to the development of secondary 
dormancy (Sawhney et al., 1984; Tilsner and Upadhyaya, 1985; Symons et al., 1986; 
Bewley and Black, 1994). Usually, weed seeds deeply buried in soils by tillage 
operations develop secondary dormancy (Wilson, 1988). However, this secondary 
dormancy is not constant and it has been demonstrated that dormancy to nondormancy 
to dormancy cyclic models of secondary dormancy follow seasonal patterns for weed 
seeds in soils (Baskin and Baskin, 1985; Ba2zaz, 1979). 
Shattercane seeds demonstrate primary dormancy and secondary or induced 
dormancy following burial. Giant foxtail seeds have been found to possess primary 
(Moore and Fletchall) and secondary dormancy (Stanway, 1971; Taylorson, 1982). 
Enviroiunental conditions required for weed seed germination differ between species 
and may follow specific patterns. Seed germination is a key step in the annual cycle of 
weed development under agricultural conditions. Understanding the environmental 
control of germination can help to explain and predict weed seed infestations in 
cultivated fields. 
Dissertation Organization 
This dissertation includes five studies. The first study entitled "Variability in 
germination within shattercane and giant foxtail seedlots", examines the correlation 
between temperature of germination of parents with that of their progeny. The second 
study entitled "Influence of shade and depth of seed in emergence of shattercane and 
giant foxtail", investigates the role of alternating temperatures in the germination of 
different seedlots of these species. The third study entitled "Periodicity of shattercane 
emergence and seed survival", seeks to determine how depth of fall burial and time of 
seed movement in spring or summer influence germination and buildup of the 
shattercane seedbank. The fourth study entitled "Influence of environment of seed 
development and maturation on germination of mature shattercane and giant foxtail 
seeds", examines the differences in germination between progeny seedlots harvested 
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from greenhouse- and field-raised plants. The fifth study entitled "Influence of 
temperature, photoperiod and moisture during development and maturation of giant 
foxtail and shattercane seeds on their germinability", looks at the influence of 
enviroimiental changes at time seed is developing on parent plants on subsequent 
germination. There is a general summary of the studies, a listing of all references cited, 
and appendix. The candidate for the degree of Doctor of Philosophy conducted all 
work included in this dissertation. 
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1. VARIABILITY IN GERMINATION WITHIN SHATTERCANE AND GIANT 
FOXTAIL SEEDLOTS 
Introduction 
At the beginning of every growing season nondormant seeds within the weed 
seed bank germinate in response to environmental cues, especially temperature. A very 
high proportion of seeds from all plant species show some degree of dependency on 
temperature for timing of germination (Koller, 1972; Thompson and Grime, 1983). A 
majority of simmier annual weeds will germinate best when exposed to alternating as 
opposed to constant temperatures (Warrington, 1936; Thompson and Grime, 1983; 
Baskin and Baskin, 1988; Simpson, 1990; Bewley and Black, 1994). Seeds that do not 
germinate in a particular season, but remain viable in the soil, are dormant seeds and 
often require a period of stratification to overcome this dormancy (Simpson, 1990). 
The genetic makeup of the plant controls its response to the environment 
(Bewley and Black, 1994). Research on germination of Avenafatua in its natural 
environment has shown polymorphic populations exhibiting considerable genetic 
diversity concerning response to temperature and other environmental factors (Koch, 
1968; Peters, 1982; Simpson, 1990). Peters (1982) grew three distinct strains of A. 
fatua at either 15 or 20 C and found that progeny of plants of all three strains grown at 
15 C were uniformly dormant, but progeny from plants grown at 20 C showed varying 
levels of dormancy. 
Shattercane (Sorghum bicolor (L.) Moench) and giant foxtail (Setaria faberi 
Herrm.) are two very problematic weeds of the Midwestern Com Belt. Shattercane 
seeds have some degree of primary dormancy that can be overcome with alternating 
temperatures (Stanway, 1959; Bumside, 1965). Giant foxtail seeds, on the other hand, 
have considerable primary (Moore and Fletchall, 1963) and secondary (Taylorson, 1982) 
dormancy. Presently, information is lacking on how genetic factors influence 
germination in relation to temperature in these species. Such information would be 
helpful in understanding the seed bank dynamics of these species. 
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The principal reason for this project was to determine how temperature 
influenced the germination of parent seed and then to see if there was a correlation to 
the germinability of their progeny. Differences in progeny seedlot germination could 
indicate differences in genetic control within these species. Therefore, research was 
initiated to determine, 1) the variability in germination and dormancy within seedlots of 
shattercane and giant foxtail, 2) if differences in dormancy within shattercane and giant 
foxtail progeny seeds are inherited, and 3) if dormancy and its inheritance in shattercane 
would influence shattercane buildup and persistence in the soil seed bank. 
Materials and Methods 
General procedure of the research 
In this study seed from different imcharacterized shattercane and giant foxtail 
populations (parent seedlots) were incubated at a constant temperature of 25 C for 14 
days (STAGE I) and then at alternating temperatures of 35/15 C for 14 days (STAGE 
II). The remaining ungerminated seed were divided into 3 groups for moist 
stratification in three environments (freezing, chilling, and alternate freezing and 
thawing) for 42 days. After stratification, seeds were re-incubated at 25 C for 14 days 
(STAGE III) followed by incubation at 35/15 C for 14 days (STAGE IV). 
Ungerminated seeds were then tested for their viability. During each STAGE 
germinated seedlings were removed from the growth chambers and planted in pots in 
the greenhouse and raised to maturity. Seeds harvested from mature plants were used in 
subsequent studies following specified periods of after-ripening as outlined below. 
Source of seed 
Three uncharacterized seedlots each of giant foxtail and shattercane were 
harvested from mature plants in the fall of 1985, 1991, and 1992, and comprised the 
parent seedlots. Apart from the 1985 shattercane seedlot, harvested from Freemont Co., 
Iowa, all other seedlots were harvested from different sites within Story Co., Iowa. 
Upon harvesting, each seedlot was cleaned and stored dry at 5 C until use. 
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Procedure for groAvth chamber germination 
In the first year of this experiment 1985 and 1991 parent seedlots were used, and 
in the second year, 1991 and 1992 parent seedlots were used. Four thousand seeds from 
each parent seedlot were incubated in STAGE I. For each parent seedlot, 500 seeds 
were placed in each of eight 26 x 18 cm. plastic crispers fitted with germination paper 
soaked in distilled water; crispers were then placed in growth chambers. Crispers were 
covered with lids to prevent excessive loss of moisture and were maintained moist with 
distilled water daily. Germination was monitored every two days and germinated 
seedlings were transferred to the greenhouse where a maximum of ten plants per parent 
seedlot were grown to maturity. This procedure was followed during each STAGE (I -
IV) of parent seed germination. 
Procedure for storage of ungerminated seed (after STAGE ID 
Immediately following STAGE II, ungerminated seed were divided into three 
equal lots. Each lot was mixed with 300 g of a steam-sterilized Clarion silt loam soil 
(5.2% organic matter and a pH of 7.1) and placed in 0.5-L waxed-paper pots. To each 
pot 186 ml of distilled water was added, to approximate 85% field capacity of the soil 
used. Each pot was placed in one of three crispers, which were covered with lids and 
placed in either a freezer (-15 C) or a refirigerator (5 C). Stratification was for 42 days 
in three environments: fi-eezing (-15 C), chilling (5 C), and freezing and thawing (7-day 
cycles of freezing alternated with chilling). Following stratification, seeds were 
separated fi-om soil with sieves and water and re-incubated in growth chambers 
(STAGES III and IV). 
Viability testing 
Immediately following STAGE IV, ungerminated seed were grouped according 
to parent year. From each group a 10% sample was taken and used to test for viability 
using tetrazolium (Moore, 1972). 
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Procedure for greenhouse raising of plants and seed harvesting 
Seedlings that germinated during each STAGE (I - IV) were transferred to the 
greenhouse, planted in 11-L (25-cm. diameter) plastic pots in a potting mix (20% soil, 
40% perlite, and 40% peat), and grown to maturity. Day and night temperatures, 
throughout the growth period, were maintained at approximately 30 and 18 C, 
respectively, with a daylength of 15 h. High-intensity sodium lights were used to 
extend the photoperiod to the desired length. Plants were watered daily with distilled 
water and weekly with a water-soluble 20-20-20 fertilizer. For each STAGE, a 
maximum of ten plants per parent seedlot were raised to maturity. Thereafter, progeny 
were collected from ten randomly selected primary, secondary, and tertiary panicles on 
giant foxtail plants, and from only the main panicle on shattercane plants because not all 
plants formed tillers. Delnet pollination bags were placed over the selected panicles to 
aid in seed harvesting. Only seeds that naturally shattered from giant foxtail panicles 
were used in subsequent studies. Seeds from entire shattercane panicles were used 
whether or not they shattered. Harvesting of shattercane and giant foxtail progeny seeds 
was done when 80% of the plants were dead. 
Experiments on progeny seedlots 
Following harvesting of progeny seeds of giant foxtail and shattercane, three 
germination trials were initiated to study the responses of progeny seedlots to various 
temperature treatments. In addition, two of these trials studied how germination of 
progeny seedlots changed vwth time. In the first germination trial, 1985 and 1991 
STAGE I - IV progeny seedlots were tested for germination two times (at harvest and 
after 6 months storage at 5 C). Both times the seeds were incubated in growth 
chambers for 14 days at 25 C followed by 14 days at 35/15 C. In the second year the 
1991 and 1992 STAGE I and II progeny seedlots were tested for germination three 
times (at harvest, and after 1 and 4 months storage at 5 C) in four temperature 
treatments. These were: (i) 28 days at 25 C, (ii) 28 days at 35/15 C, (iii) 14 days at 25 
C followed by 14 days at 35/15 C, and (iv) 14 days at 35/15 C followed by 14 days at 
25 C. In the third germination trial, 1991 and 1992 STAGE I - IV progeny seedlots 
were incubated once (at harvest) similar temperature treatments as for the second 
germination trial. In all germination trials a 14-h photoperiod was maintained for all 
temperature treatments, germination was recorded every two days, and germinated 
seedlings were removed and discarded. Protrusion of the radicle was the criterion for 
germination. 
Statistical analvsis 
A completely randomized design with 4 replications was used in all three 
germination trials. Analysis of variance was performed with the GLM procedure (SAS 
Inst., 1990). Experiments were analyzed for differences among and between progeny 
seedlots as influenced by incubation temperature and age of seedlots. Means were 
separated using Fisher's LSD (0.05) test for significance. 
Results and Discussion 
A summary of the germination of parent seedlots is presented in Table 1.1. All 
parent seedlots had a majority of their seeds germinate in either STAGE I or II. Giant 
foxtail 1985 and 1992 parents germinated best in STAGE I, whereas 1991 giant foxtail 
germinated best in STAGE II. Shattercane, apart from 1985 parent seed had higher 
germination in STAGE II. Apparently, the older 1985 shattercane seed had lost the 
dormancy that responds to alternating temperatures. The 1985 giant foxtail seed still 
maintained a high level of dormancy. 
Substantially high germination was attained in STAGEs III and IV with giant 
foxtail (Table 1.1). In year 1, STAGE IV plants were inadvertently lost and therefore 
no progeny seedlots were obtained for subsequent studies. Shattercane 1985 and 1992 
parents did not germinate in STAGE III and IV (Table 1.1) presumably because after 
STAGE II ungerminated seed were dead or were killed by stratification treatments. The 
1991 shattercane parents yielded a few seedlings following stratification in freezing and 
chilling environments, but none from the alternate freezing and thawing environment. It 
Table 1.1; Summary for germination of 1985,1991, and 1992 giant foxtail and shattercane parent seedlots during 
STAGES I, II, III, and IV, and percent viability of ungerminated seed following STAGE IV. 
Giant Foxtail Shattercane 
Year 1 Year 2 Year 1 Year 2 
Parent Year ^ 1985 1991 1991 1992 1985 1991 1991 1992 
Number of Seeds ^ 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 
Germination Totals: 
STAGE I 1,224 53 189 1,429 3,692 88 40 37 
STAGE II 260 253 262 241 44 1,570 1,717 3,896 
Number Seeds Stratified ^ 2,516 3,694 3,549 2,330 264 2,342 2,243 67 
Germination Totals: 
STAGE ni 
Freezing 78 46 21 93 0 12 5 0 
Freeze/Thaw 105 23 62 181 0 0 0 0 
Chilling 177 43 139 594 0 1 0 0 
STAGE IV 
Freezing 52 16 32 28 0 3 5 0 
Freeze/Thaw 33 11 31 58 0 0 0 0 
Chilling 31 19 159 142 0 11 4 0 
Total Nongerminated ^ 2,040 3,536 3,085 1,240 264 2,315 2,229 67 
Percent Viability ^ 3 2 0 1 0 0 0 0 
a Year which parents were harvested. 
b Number of parent seeds incubated in growth chambers at STAGE I. 
c Number of ungerminated seeds after STAGE II that were divided into three equal lots for stratification in freezing, alternate 
freezing and thawing, and chilling environments. 
d Number of ungerminated seed after completion of STAGE IV. 
e Percent viability of ungerminated seeds after STAGE IV. 
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seems likely that stratification (i.e., freezing and thawing) kills shattercane seeds. Very 
few giant foxtail seed and no shattercane seed survived stratification and STAGEs III 
and IV. 
At harvest, giant foxtail progeny germinated best when exposed to alternating or 
alternating followed by constant temperatures (Figure 1.1). However, with an increase 
in seed age there was increased percent germination in response to constant as well as 
constant followed by alternating temperature, and a decrease with alternating as well as 
alternating followed by constant temperatures. In addition, there was substantial 
variation in percent germination between giant foxtail progeny seedlots (Figures 1.2 and 
1.3) suggesting the existence of variable dormancy levels, in each of the seedlots. The 
production of seeds vwth varying degrees of dormancy is known as polymorphism 
(Bewley & Black, 1994; Simpson, 1990). A range of differing depths of dormancy 
within a seed population ensures that germination is spread out over a period of months, 
or even years, hence maximizing the chances of establishment in a suitable habitat 
(Bryant, 1985). 
Shattercane progeny seedlots germinated to near 100% when incubation 
treatments included fluctuating temperatures (Figures 1.1, 1.2, and 1.3). Unlike giant 
foxtail seedlots, there was little variation in percent germination within and between 
shattercane seedlots. This shows the ability of giant foxtail to respond to environmental 
cues to produce a wide variety of seed to maximize survival in unpredictable 
enviroimients. Shattercane, on the other hand, produces seed that germinate more 
readily when exposed to alternating temperatures. 
Dormancy has a genetic base and in some cases a great deal of plasticity in 
genotypic expression, as determined by correlative phenomena within the plant and 
envirorunent (Bewley and Black, 1994). The variability in germination of giant foxtail 
progeny seedlots indicate differences in dormancy levels between and within giant 
foxtail seedlots. The 1991 progeny seedlots had lower percent germination than either 
the 1985 (Figure 1.4) or 1992 (Figures 1.2, 1.3, and 1.5) progeny seedlots and, since 
parent plants were grown under identical conditions, observed differences could indicate 
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Figure 1.2: Influence of temperature on percent germination of 1991 and 1992 
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Figure 1.3: Influence of temperature treatments on germination of 1991 and 
1992 STAGE 1,11, HI, and IV of giant foxtail progeny seedlots 
and 1991 STAGE I, H, EI, and IV, and 1992 STAGE I and H of 
shattercane progeny seedlots. 
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genetical inheritance of dormancy. 
Shattercane 1991 and 1992 progeny seedlots were significantly distinct following 
four months of storage (Figure 1.5). However, this type of distinction was observed in 
one of three germination trials, and lack of altematmg temperatures is most likely what 
prevent seeds of this species from germinating (Figure 1.1, 1.2, and 1.3). Alternating 
temperatures can overcome some forms of primary dormancy (Thompson and Grime, 
1983; Simpson, 1990) and are a major factor in ending shattercane dormancy (Bumside, 
1965). Similarly, Arnold, et al. (1988) showed that alternating temperatures of 35/15 C 
resulted in a higher proportion of germinated Sorghum halapense seeds than did 
constant temperatures of 25 C. 
Giant foxtail progeny from 1991 parents germinated at fluctuating temperatures 
(STAGE II) were more dormant than progeny of 1991 germinated at constant 
temperature (STAGE I) (Figure 1.2 and 1,3). This was also the case with progeny of 
1991 parents that had received a stratification treatment where STAGE IV progeny were 
apparently more dormant than STAGE III (Figure 1.3). It may be concluded that giant 
foxtail seed that fail to germinate during one season and require a stratification period 
before germinating the following season, may produce progeny with higher levels of 
dormancy. Progeny of 1991 stratified and non-stratified parents germinated at constant 
temperature had less dormancy than progeny of similar parents germinated at alternating 
temperatures (Figure 3). The opposite was true vwth progeny of 1992 stratified and 
non-stratified parents where seed germinated at alternating temperatures gave the least 
dormant progeny. 
It is possible that the differences in germination of 1991 and 1992 giant foxtail 
progeny seed are a result of differences in location, year and environment. 
Environmental factors play an important role in the imposition of dormancy and depend 
on location where plants are grown (Bewley and Black, 1994; Taylorson, 1987; Villiers, 
1972). The absence of distinct differences in germination within and between 
shattercane seedlots indicates that dormancy may not be a major factor in persistence of 
its seeds in the soil seed bank. 
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Figure 1.4: Influence of age of seedlot on percent germination of 1985 
and 1991 STAGE I, n, and HI giant foxtail progeny, and 1985 
STAGE I and H, and 1991 STAGE I, E, IE and IV shattercane 
progeny 
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Figure 1.5: Influence of age of seedlot on percent germination of 1991 
and 1992 STAGE I and U progeny seedlots of giant foxtail 
and shattercane. 
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These results suggest that giant foxtail can respond to different germination 
temperatures and stratification regimes to produce seed of varying degrees of dormancy. 
This gives the species the advantage of producing seeds that can persist for a long time 
and spread its germination through time. On the other hand, shattercane dormancy is 
limited to the requirement of alternating temperatures for germination. Therefore, 
shattercane seeds could persist in soil seed-banks provided they are not exposed to 
alternating temperatures conducive for their germination. 
21 
2. INFLUENCE OF SHADE AND DEPTH OF SEED ON EMERGENCE OF 
SHATTERCANE AND GIANT FOXTAIL 
Introduction 
Different responses of seed germination to variable environmental conditions is 
one of the adaptations for maximizing survival of plant species (Baskin and Baskin, 
1985). Seeds must detect the potentially safe sites for germination and emergence from 
the soil. For example, they should be within a specific soil depth range and should be 
able to detect gaps in a crop canopy and other vegetation (Baskin and Baskin, 1985; 
Fenner, 1985; Thompson and Grime, 1977; Thompson and Grime, 1983). Gaps are safe 
sites where light, moisture, and temperature are best for a seed to complete germination, 
emerge and probably produce more seed (Fenner, 1985; Thompson and Grime, 1983). 
One of the most effective methods for limiting germination to only gaps and to the 
appropriate soil depth is for the seed to have a requirement for alternating temperatures 
for germination. Alternating temperatures enhance the germination of many species and 
may be the most important factor in seed germination of annuals (Warrington, 1936; 
Thompson, et al, 1977; Bazzaz, 1979). 
Seed deep in the soil depth and/or vegetation cover indicates unfavorable 
conditions for germination and may lead to induced dormancy (Thompson and Grime, 
1983). Diurnal temperature alternations are greatest near the soil surface and diminish 
rapidly with depth (Thompson et al., 1977) and therefore sensitivity to alternating 
temperatures can act as a depth-sensing mechanism (Thompson and Grime, 1983; 
Ghersa et al., 1992). Management techniques that buffer the soil surface against large 
diurnal alternations can be effective at reducing germination and emergence of some 
weeds. 
Shattercane {Sorghum bicolor (L.) Moench.), an escaped forage sorghum 
(Bumside, 1965), and giant foxtail (Setaria faberi Herrm.), a serious weed in the 
Midwest (Knake and Slife, 1965), are among the most common and competitive weeds 
in the com belt. These species differ in their requirements for successful germination 
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and emergence from the soil. Shattercane can emerge throughout the summer, and it 
competes vigorously with summer aimual row crops (Bumside, 1965). Giant foxtail can 
emerge early in spring with continual emergence into the summer (Knake and Slife, 
1965). 
Studies on the effect of different environmental factors (water availability, 
temperature, nutrient condition, light) during seed development on the parent plant have 
shown that dormancy levels can be modified in relation to species, the dormancy factor 
involved, and timing (Fenner,1991; Bewley and Black, 1994). Seeds harvested in 
different years would have been exposed to different enviroimiental conditions during 
development and maturation on the mother plant. These differences can contribute 
substantially to the phenotype of their progeny (Roach and Wulff, 1987). 
Understanding the differences between seedlots, based on the season they were 
produced, would enhance our knowledge on the temporal nature of seed germination, 
and lead to improved managerial techniques. 
In this experiment, the objectives were to determine: 1) the influence of shading 
the soil surface on subsoil temperature alternations, 2) if the temperature alternations 
caused by shading and depth of seed planting influenced germination and emergence of 
giant foxtail and shattercane, and 3) if there were differences that existed between 
seedlots of these species in response to shading and depth of planting. 
Materials and Methods 
General procedure 
In this study, the influence of alternating temperatures on seedling emergence 
was investigated in the field with different seedlots of shattercane and giant foxtail 
seeds. In the growing seasons of 1992 and 1993 three different seedlots each of giant 
foxtail and shattercane were planted at four depths in plastic pots under four shades. 
Seedling emergence was monitored for six weeks thereafter. Data were collected for 
daily subsoil temperature alternations and daily precipitation and related to seedling 
emergence. In addition, germination tests were performed under controlled conditions 
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on seedlots each year before field experiments. All procedures are described in detail 
below. 
Plant materials 
Three iincharacterized seedlots each of shattercane and giant foxtail were 
collected in the fall of 1985, 1991 and 1992. The 1985 shattercane seed collection was 
made in Freemont Co., Iowa. All other collections were made from different sites in 
Story Co., Iowa. Seeds were cleaned and stored at 5 C until use. 
Controlled environment experiments 
Germination tests were conducted on the giant foxtail and shattercane seedlots m 
two growth chambers. One growth chamber had a temperature setting of 25 C 
(constant) and the other 35/15 C (eiltemating). Both growth chambers were set on a 14-
hour photoperiod. Four replicates of 100 seeds each were incubated in 2 x 13 cm. 
plastic crispers on germination paper moistened with deionized water. Seeds were first 
placed in constant temperatures for 14 days and then placed in alternating temperatures 
for an additional 14 days. During the germination assay the germination paper was kept 
moistened on a daily basis to prevent drying, and germination counts were made every 
2 days. Protrusion of the radicle was the criterion for germination, and upon 
germinating seedlings were counted and then removed from crispers. 
Field experiments 
Experiments were conducted from May 26 to July 10 in 1992, and from June 1 
to July 10 in 1993 at the Iowa State University Burkey Farm near Ames, Iowa, on a 
Webster silt loam (fine-loamy, mixed, mesic Typic Haplaquoll) soil with a pH of 7.3. 
The same seedlots were not used both years. In 1992, both giant foxtail and shattercane 
seedlots were collected in 1985 and 1991, whereas in 1993 the seedlots of both species 
were collected in 1991 (same seed lot that was used in 1992) and 1992. Soil 
temperatures were altered by shading with different amounts of plastic netting supported 
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by a 1.7 by 1.1 M wooden frame placed 0.5 M above the gronnd by four comer posts. 
Shading treatments, determined when the sun was directly overhead, were 0, 30, 60, and 
90% of incident solar radiation. Each shade covered an area of 10 eleven-liter (25 cm 
diameter) plastic pots, submerged in the ground, in two rows of five pots each. Four 
pots were seeded with giant foxtail and four with shattercane individually at 1.25, 2.5, 
5, and 10 cm. Each pot was filled with soil and divided into two halves by a 25 by 12 
cm cardboard strip to allow both seedlots to be planted together at the same depth. The 
cardboard was placed in the center of the pot and was deep enough to ensure division 
down beyond 10 cm. One of the two additional pots was used to monitor temperature 
with thermocouples placed in the middle of the pot at each of the four depths, and the 
other served as a control for monitoring emergence of indigenous weeds and soil 
moisture. One hundred seeds of each seedlot were planted to each half pot area. 
In 1992, due to lack of precipitation the pots were watered two times, June 3 and 
10. The second year, 1993, was a wet year and additional watering was not necessary. 
Data collection 
Emergence was determined every seven days by counting emerged seedlings and 
marking them with toothpicks to avoid recounting. Percentage emergence was 
determined at the end of the experiment. Temperature at each of the depths, and under 
each shade, was recorded every 15 minutes and data stored in a datalogger. Data from 
dataloggers were downloaded to a laptop computer every seven days and taken back to 
a lab computer for conversion. Average maximum and minimum temperatures were 
determined thereafter. In addition, daily precipitation was recorded and related to 
emergence. A split-split-plot design vwth shade as the main plot, depth as the split-plot, 
and species as the split-split-plot was used in both years. The experiment was replicated 
three times, and analysis of variance of the data was performed with the GLM 
procedure (SAS Inst., 1989). Experiments were analyzed by species for main effects, 
interactions of shade, depth, seedlot, and year of experiment. 
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Results and Discussion 
Controlled environment germination of giant foxtail and shattercane seed in 1992 
and 1993 indicated that the 1991 seedlots of both species had much lower percent 
germination than the 1985 and 1992 seedlots (Table 2.1). Of the giant foxtail seed that 
germinated, 76% germinated at the constant (25 C) temperature treatment with 24% 
germinating at the alternating (35/15 C) temperature treatment. The 1985 shattercane 
seedlot showed no dormancy and 94% of the seed that germinated did so at the constant 
temperature treatment whereas the 1991 and 1992 seedlots had only 3% germinate at 
constant temperatures. 
Increasing the level of shade decreased the daily maximum temperatures at each 
soil depth for both 1992 and 1993 (Table 2.2). With increased depth maximum soil 
temperatures decreased whereas minimimi temperatures increased. This resulted in a 
decrease in amplitude of temperature alternations with increase in soil depth. Increased 
shade further reduced temperature alternations at all depths. Precipitation during the 
experimental period in 1993 was more than three times that of 1992 (Table 2.2). In 
addition to precipitation amount, more cloudiness in 1993 caused the average diurnal 
temperature alternation to be lower than for 1992. As a resuh, no shade in 1993 was 
equivalent to a 60% shade in 1992, in terms of soil temperature. 
In both 1992 and 1993, shade greatly affected the emergence of shattercane, but 
not that of giant foxtail (Table 2.3). Planting depth affected the emergence of both 
species, both years. A shade by depth interaction was evident for shattercane seedlots 
tested in 1993 but not 1992 (Figure 2.1). Seedlots of both species tested in each year 
were different (Table 2.3, Figures 2.3, 2.4, 2.5, and 2.6). A depth by seedlot interaction 
was evident for giant foxtail seedlots tested in 1992 (Table 2.3 and Figure 2.6), whereas 
a shade by depth by seedlot interaction was significant for shattercane seedlots tested in 
1993 (Table 2.3). 
Only the 1991 seedlots of both species were evaluated in both years of the 
experiment. Comparison of these seedlots in 1992 and 1993 indicated that effects of 
year of experiment and depth of planting were different for both species (Table 2.4). In 
26 
Table 2.1; Percent gennination of shattercane (SC) and giant foxtail (GF) seedlots in 1992 
and 1993 following incubation in constant followed by fluctuating temperatures in 
growth chambers. 
1992 Experiment 1993 Experiment 
Species Seedlot® Germination^ Species Seedlot Germination 
% % 
GF 1985 37.3 GF 1991 6.5 
GF 1991 6.9 GF 1992 41.8 
SC 1985 93.5 SC 1991 43.9 
SC 1991 41.6 SC 1992 98.1 
LSD (5%) 4.6 LSD (5%) 9.5 
LSD (1%) 6.2 LSD(1%) 12.8 
Represents year in which seed was harvested 
^ Number represents mean of 8 replicates 
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Table 2.2; Average daily maximum and minimum temperatures at 4 soil depths and under 4 
levels of shade and precipitation totals for the extent of experiments. May 26 to 
July 10,1992 and June 1 to July 10, 1993. 
1992 1993 
Solar Depth Maximum Minimum Maximum Minimum 
Radiation^ 
% cm °C 
100 1.25 
2.5 
5.0 
10.0 
32.7 ± 5.0 b 
32.0 ± 4.5 
28.8 ±3.1 
26.0 + 2.1 
14.9 ± 3.3 
16.1 ±3.0 
17.5 ±2.7 
19.0 ± 2.3 
27.0 ± 5.7 
27.7 ± 5.3 
25.9 ± 4.9 
23.7 + 3.5 
15.9 ± 3.5 
16.2 ± 3.5 
16.5 ± 3.4 
17.2 ± 2.9 
70 1.25 
2.5 
5.0 
10.0 
30.1 ±4.2 
29.1 ±3.9 
25.6 ± 2.5 
23.5 + 2.0 
15.2 ±3.0 
15.0 ±3.1 
16.7 ±2.6 
18.0 + 2.3 
25.1 ±3.7 
24.8 ± 3.5 
24.6 ± 4.0 
22.8 ± 3.5 
16.7 ± 3.0 
16.8 ± 3.0 
17.2 ±2.8 
17.3 ± 2.6 
40 1.25 
2.5 
5.0 
10.0 
26.8 ± 3.0 
25.4 ± 3.4 
23.6 ± 2.3 
21.6 + 2.1 
15.1 ±3.0 
15.0 ± 2.9 
16.8 ± 2.5 
17.3 + 2.3 
23.1 ± 3.4 
22.2 ± 3.0 
21.2 ±2.8 
20.4 + 2.7 
15.8 ± 3.0 
15.9 ± 2.9 
16.1 ±2.8 
16.8 + 2.5 
10 1.25 
2.5 
5.0 
10.0 
22.7 ± 1.9 
22.5 ± 1.6 
21.6 ± 2.0 
20.8 ± 1.8 
14.9 ± 3.0 
16.4 ± 2.7 
16.0 ± 2.5 
17.2 + 2.2 
22.3 ± 2.9 
21.3 ±3.0 
21.3 ±3.0 
20.4 + 3.1 
16.7 ± 2.9 
16.6 ± 2.8 
17.0 ± 2.7 
17.0 ± 2.6 
Precipitation (mm) 131 431 
Amount of light allowed when sun was directly overhead. 
^ Mean ± Standard error of the mean. 
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Table 2.3: Analysis of variance for the influence of shade (SH), depth of planting (D), year 
in which seedlots were harvested (SL), and their interactions on percent field 
emergence of giant foxtail and shattercane. 
Giant Foxtail MS Shattercane MS 
Source of Variation df 1992 1993 1992 1993 
Rep (R) 2 147.50 32.28 47.54 259.26 
Shade (SH) 3 224.30 173.79 783.09 * 2924.64 
Error A 6 103.93 58.93 128.42 161.48 
Depth (D) 3 1938.50 ** 488.35 ** 1639.95 ** 1065.06 
SH*D 9 57.35 19.67 178.45 256.18 
Error B 24 60.78 20.63 90.91 76.60 
Seedlot (SL) 1 3570.94 ** 88.17 * 57086.26 ** 870.01 
SH*SL 3 156.48 50.69 109.90 25.65 
D*SL 3 240.26 * 16.02 138.87 42.10 
SH*D*SL 9 65.47 20.86 56.47 68.57 
Residual 32 60.48 19.29 100.90 24.59 
* 0.01 < P < 0.05, ** 0.001< P < 0.01 
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Figure 2.1: Influence of 0,30,70, and 90% shade on emergence of 
shattercane seeds placed at depths of 1.25,2.5, 5, and 10 
cm, in 1992 and 1993. 
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Figure 2.2: Influence of 0,30,70, and 90% shade on emergence of 
giant foxtail seeds placed at depths of 1.25, 2.5,5, and 10 
cm, in 1992 and 1993. 
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LSD (0.05) = 16.7% 
LSD(0.0S)=83% 
Figure 2.3; Influence of 0,30,60, and 90% shade, over all depths, 
on emergence of shattercane seedlots in 1992 and 1993. 
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LSD (0.05) = 12.9% 
LSD (0.05)=73% 
Figure 2.4; Influence of 0,30, 60, and 90% shade, over all depths, 
on emergence of giant foxtail seedlots in 1992 and 1993. 
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Figure 2.5: Influence of seed depth, over all shades, on emergence 
of shattercane seedlots in 1992 and 1993. 
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Figure 2.6: Influence of seed depth, over all shades, on emergence 
of giant foxtail seedlots in 1992 and 1993. 
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Table 2.4: Analysis of variance for the influence of shade (SH), depth of planting (D), year 
of experiment (Y) and their interactions on percent emergence of 1991 giant 
foxtail and shattercane seedlots in 1992 and 1993. 
Mean Squares 
Source of Variation df Giant Foxtail Shattercane 
Year (Y) 1 3892.5** 22252.5** 
Rep(Y) 4 89.9 153.4 
Shade (SH) 3 279.7 3286.7** 
S H *  Y  3 118.4 421.0 
Rep * Sh(Y) 12 81.4 144.9 
Depth (D) 3 2171.5** 2056.7** 
D* Y 3 255.3 648.3** 
Rep * D(Y) 12 80.4 82.4 
S H * D  9 29.0 353.9 
SH * D * Y 9 48.0 80.7 
Residual 132 71.0 508.2 
* 0.01 < P < 0.05, ** 0.001 < P < 0.01 
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addition, the effect of shade and an interaction between depth of planting and year of 
experiment were evident for shattercane only (Table 2.4). 
Responses to temperature by seeds incubated xmder controlled environmental 
conditions are indicative of the nature of germination and emergence of a particular 
species in the field. Giant foxtail seeds germinated best at 25 C (constant temperature) 
an indication that this species will germinate better early in the season, or under a 
covering vegetation. The requirement for diumally alternating temperatures for the 
initiation of shattercane germination indicates a tendency to germinate and emerge later 
in the season, or when a covering vegetation has been removed. Requirement for 
alternating temperatures is an adaptive mechanism that restricts germination of hard-
seeded species to a certain season of the year or to changed conditions following habitat 
disturbance (Baskin and Baskin, 1985). The fact that some seeds of giant foxtail need 
alternating temperatures and some seeds of shattercane germinate at constant 
temperatures demonstrates the variability within species to distribute their germination 
over time and environmental conditions. Germination of seeds over a wide range of 
temperatures may partially explain a species' ability to survive and flourish in many 
different environments (Baird and Dickens, 1991) and why peak germination may vary 
according to season (Baskin and Baskin, 1977). Decreasing diurnal temperature 
alternations with increases in amount of shade and depth within the soil would therefore 
be expected to initiate germination for giant foxtail, but to initiate very little gemination 
for shattercane. Thereafter, the ability for emergence would depend on other seed 
characteristics such as seed mass (Barovetz and Schiener, 1994) and amount of seed 
reserves (Bewley and Black, 1994). 
The lower germinability of the 1991 seedlots, compared with the 1985 and 1992 
seedlots (Table 2.1), indicates marked differences in seed dormancy. This dormancy 
may have been influenced by environmental conditions during seed growth and 
maturation on the mother plant (Roach and Wulff, 1987; Simpson, 1990). 
Giant foxtail emergence was inhibited by depth of seed in the soil and not by 
amount of shade (Table 2.3, Figures 2.2, 2.4, and 2.6). Knake and Slife (1965) reported 
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that giant foxtail seedlings emerged from a depth of 13 cm in unshaded soil although 
seed in the top 5 cm of the soil had the highest emergence percentage. Therefore, our 
results indicate that giant foxtail seeds were prevented from emerging by factors other 
than temperature alternations. These factors include soil texture and structure, soil 
compression, seed size and other seed morphological characteristics, earthworm and 
other animal activity, and local environmental conditions such as soil pH (Parker et al., 
1989). 
Shattercane emergence was decreased by increases in amount of shade, and depth 
of seed in the soil (Tables 2.3, 2.4, and Figures 2.1, 2.3, and 2.5). Higher germination 
percentages obtained after exposure of the seed to fluctuating temperatures suggests that 
this species will germinate and emerge in late spring, early summer, or when seeds are 
shallow enough for optimum diurnal temperature alternations. Evidence from this 
research shows that shattercane seed do not germinate well when buried deep in the soil 
where there is a minimum of temperature alternations. This is known as a 'depth-
sensing mechanism' previously reported by Arnold, et al. (1990), who found that 
Sorghum halapeme seeds germinated best after exposure to alternating temperatures. 
Although response to alternating temperatures constitutes a important part of this 
mechanism, availability of other environmental factors, such as water and oxygen 
availability, are also important for germination (Thompson and Grime, 1983). 
In manipulating soil temperatures at different depths with shading, we mimicked 
the effects of a covering vegetation and distance or proxunity to the soil surface. We 
propose, therefore, that responses to alternating temperatures play a major role in 
germination and emergence of shattercane but not giant foxtail. Giant foxtail escapes 
canopy cover by germinating early, where shattercane, germinating late, needs to 
determine whether a canopy has developed yet. Our findings imply that manipulating 
subsoil temperatures by some method of shading the surface can be used to control the 
emergence of shattercane but not giant foxtail. To enhance our under-standing of the 
dynamics of weed seed banks in the soil, research is needed to determine the interactive 
effects of temperature, water and oxygen availability on the emergence of weeds. 
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3. PERIODICITY OF SHATTERCANE EMERGENCE AND SEED SURVIVAL 
Introduction 
The top layer of most cultivated land has tens of millions of buried weed seed 
per hectare (Bewley and Black, 1994). This is the seed bank (Baker, 1989; Baskin and 
Baskin, 1985; Simpson, 1990), and it varies according to the crop management 
programs employed. Buried weed seeds are adapted to go through seasonal cycles of 
dormancy and nondormancy which promote germination during the most favorable 
periods for seedling development (Bazzaz, 1979; Holt, 1988). Changes in depth of seed 
burial, acting in concert with other soil environmental factors (temperature, gaseous 
exchange, water availability, Ph), can break seed dormancy and enhance germination 
(Baker, 1989). 
Dormancy is a major factor contributing to continued presence of weed seeds in 
agricultural soils (Karssen, 1982). At time of dispersal, most weed seeds are dormant 
(Harper, 1977; Baskin and Baskin, 1985; Egley and Duke, 1985) and require a period of 
low temperatures before they can germinate (Bewley and Black, 1994; Simpson, 1990). 
Temperature is probably the most important environmental factor in regulating 
dormancy, but its effect is hard to evaluate due to differences in environment and 
species. Deeply buried seeds are protected from the extreme fluctuations in 
environmental factors (temperature and moisture) by the buffering capacity of the soil. 
In contrast, seeds that are shailowly buried are exposed to these fluctuations and will 
have different responses to germination cues. Soil cultivation is a routine agricultural 
practice in which deeply buried seed are brought to the surface where the environment 
is most conducive for germmation. Daily temperature alternations are more intense at 
the soil surface than below which may increase the probability of seed germination. 
Shattercane {Sorghum bicolor L. Moench.) is an escaped forage sorghum that has 
weedy characteristics. It emerges throughout the summer and interferes with summer 
annual crops (Bumside, 1965). Shattercane is a diverse genetic species and survival of 
its seed in the soil will vary with the specific biotype (Bumside et al., 1977). Increasmg 
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depth of shattercane seed has been shown to prolong its viability in the soil (Jacques et 
al., 1974) and is dependent on soil type (Bumside, 1965; Bumside et al., 1977). 
Retention of glumes that enclose the caryopsis aid in the survival of shattercane seeds in 
the soil (Fellows and Roeth, 1992; Jacques et al., 1974). In addition, Thorton (1963) and 
Casey (1974) reported that forage sorghum {Sorghum vulgare) varieties whose seeds 
retained glumes exhibited greater dormancy than varieties that shed glumes. Deep 
burial of shattercane seed and/or seed dormancy may be factors that contribute to the 
persistence and spread of this weed in agricultural land. The ability of shattercane seed 
to survive in continuously farmed soils, and the mechanisms involved, need to be 
understood to determine the best control measures. 
This research was designed to investigate how shattercane could build up a 
viable soil seed bank in agricultural land. The objectives were to determine: 1) the 
influence of fall burial at different depths, and subsequent movement of shattercane seed 
during spring/summer on germination and emergence, 2) the influence of fall burial and 
spring/summer movement of shattercane seed on seed viability and buildup of the 
seedbank, and 3) the influence of stratification on viability of shattercane seed. 
Materials and Methods 
General procedure 
Field and controlled envirormient experiments were initiated to investigate 
periodicity of shattercane emergence and seed survival. In the field, shattercane seed 
were buried in wire trays at different depths in the fall. Buried seed were raised to a 
uniform depth on 7 occasions (about 10 days apart) during the following spring and 
summer. After the seed were raised, seedling emergence was monitored for 28 days. 
Ungerminated seed were retrieved from the soil and tested for viability. Under 
controlled conditions, shattercane seeds were placed in three stratification enviroimients 
(freezing, alternate freezing and thawing, and chilling) for 42 days, and then tested for 
viability. All procedures are described below. 
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Plant material 
The seed used was mature shattercane seed harvested from different sites v«thin 
Story Co., Iowa, on September 15, 1992 for the first year experiment (1993), and on 
September 23, 1993 for the second year experiment (1994). Seeds were collected, dried 
at room temperature for a week, cleaned, and stored at 5 C until use. 
Field experiments 
Field experiments were conducted at the Iowa State University Burkey Farm, 
near Ames, Iowa. The soil was a Webster silt loam (fine-loamy, mixed, mesic Typic 
Haplequoll) with a pH of 7.3. Data on temperature and precipitation were obtained 
from the Iowa State Meteorological Station on the Agronomy Farm, approximately 1.5 
km from the experimental area. Shattercane seed were buried on November 24"* and 
10"' of 1992 and 1993, respectively, in 18 x 16 mesh wire-net trays (22.5 x 12 x 2.5 
cm) at five burial depths (2.5, 5, 10, 15, and 25 cm). Each tray contained 100 
shattercane seeds. The experiment was set out as a split-plot design with date of seed 
movement as the whole-plot factor and depth of fall burial as the split-plot factor. Four 
replicate blocks, spaced 1 m apart, were laid out each year. Dates for seed movement 
whole-plots) were randomized and spaced 0.6 m within blocks, while wire-trays (split-
plots) were randomized and spaced 0.3 m apart within whole-plots. Two controls, 
consisting of wire-trays with no seed, were randomly buried within each block at depths 
of 5 and 10 cm. These were brought to the 2.5 cm. depth on the 4'*' date of seed 
movement during the following spring/summer, and emergence was monitored for 28 
days thereafter. 
Periodic emergence monitoring 
Seven times (dates) during the April - August period, previously buried 
shattercane seed were brought to the surface to a depth of 2.5 cm. Thereafter, 
shattercane seedling emergence was monitored for 28 days with emergence counts 
recorded every seven days. The seven dates when shattercane seed were brought to the 
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surface were 10 days apart beginning April 29, 1993, for the seed buried in 1992, and 
May 2, 1994, for the seed buried in 1993. 
Determination of viability 
After 28 days of emergence monitoring, ungerminated seeds were retrieved using 
water and sieves, air dried, counted, and consolidated by date and depth. Viability, 
using tetrazolium (Moore, 1972), was tested on 10% of each seedlot while a 
germination assay was performed on the remaining 90%. Germination was measured by 
dividing seedlots into four equal portions. Each portion was placed in 2 x 13 cm plastic 
crispers on germination paper moistened with distilled water and incubated in growth 
chambers set at 35/15 C with a 14 hr photoperiod for 14 days. Germination was 
monitored every two days and seedlings were removed once germinated. Protrusion of 
the radicle was the criterion for germination. 
Controlled environment experiments 
At harvest, the 1992 and 1993 seedlots were stratified imder controlled 
conditions for 42 days in three regimes and, thereafter, subjected to germination tests. 
For each seedlot, three lots of 500 seeds each were mixed with 300 g of a steam-
sterilized Clarion silt loam soil, with 5.2% organic matter and a pH of 7.1, and placed 
in 0.5-L (9 cm diameter) waxed-paper pots. To each pot 186 ml of deionized water was 
added, to approximate 85% field capacity of the soil used. Each pot was then placed in 
a crisper, covered with a lid to prevent moisture loss, and placed in either the fireezer (-
10 to -20 C) or refrigerator (5 C). Stratification was for 42 days in three regimes, 
which were: Freezing (-10 to -20 C), chilling (5 C), and freezing and thawing (7-day 
cycles of freezing alternated with cold storage). Following stratification, seed were 
separated from soil with sieves and water for use in viability and germination tests. 
Viability was tested with tetrazolium on 50 seeds from each stratified seedlot (Moore, 
1972). Germination was determined using 4 temperature treatments in growth 
chambers. Temperature treatments were: i) 28 days at 25 C, ii) 28 days at 35/15 C, iii) 
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14 days at 25 C followed by 14 days at 35/15 C, iv) 14 days at 35/15 C followed by 14 
days at 25 C. Germination of stratified seed was compared to germination of 
shattercane seeds at harvest (control). Four lots of one hundred seeds each were placed 
in 2 X 13 cm. plastic crispers on germination blotter papers moistened with deionized 
water and incubated in growth chambers set on a 14 hr photoperiod. Germination was 
monitored every two days, and seedlings were removed once germinated. Protrusion of 
the radicle was the criterion for germination. 
Statistical analvsis 
Both field and controlled environment experiments were replicated four times, 
and analysis of variance of the data was performed with the GLM procedure (SAS Inst., 
1989). The field experiments were analyzed for main effects and interactions of date 
and depth. The controlled environment experiments were analyzed for the effect of 
seedlot, stratification environment, incubation temperatiire, and their interactions. 
Regression analysis was conducted on field data with depth of seed burial and date of 
seed movement as the independent variables and percent emergence as the dependent 
variable. Where appropriate, treatment means were separated using Fisher's LSD Test. 
Results and Discussion 
Under controlled conditions, percent germination of 1992 and 1993 shattercane 
seedlots was different. It was also different after the seeds went through the three 
stratification environments (Figure 3.1). Control seedlots had the highest germination 
followed by freezing, chilling, and free2dng and thawing seedlots (Figure 3.1 and 3.2). 
Lower germination with stratified seedlots could have been due to increased dormancy. 
However, viability tests indicated that it was due to seed death. An average viability 
loss of 10, 18, and 66% occurred from fireezing, chilling, and freezing and thawing 
environment, respectively. All seedlots germinated best when incubated in alternating 
temperatures (Figure 3.2). 
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Figure 3.1: Influence of stratification environment on percent germination of 
1992 and 1993 sliattercane seedlots 
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Figure 3.2: Influence of temperature on percent germination of 1992 and 
1993 shattercane seedlots following stratification in three 
environments, and control. 
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During the 1992/93 field experiment a high amount of precipitation (Figure 3.3) 
led to very poor shattercane seedling emergence. In contrast, the 1993/94 field 
experiment had approximately one-third the amount of precipitation and higher 
shattercane emergence (Figures 3.4, 3.5, and 3.6). Consequently, conclusions on 
shattercane seedling emergence will be drawn from the 1993/94 data. 
A curvilinear relationship occurred between date of seed movement and 
shattercane seedling emergence percentage (Figure 3.4). Peak emergence of shattercane 
was between Julian day 122 (May 1) and 154 (June 2) with a sharp decline to day 186 
(July 4). After June 1, few shattercane seedlings emerged probably because only few 
shattercane seeds had retained their viability. 
There was a curvilinear relationship between depth of fall burial and shattercane 
seedling emergence percentage following raising of seed, which indicated that 
emergence percentage increased with increasing depth of fall burial (Figure 3.5). The 
more deeply fall-buried shattercane seed gave a higher seedling emergence percentage 
when brought to a soil depth of 2.5 cm in the following spring/summer. Highest 
shattercane seedling emergence was from seed buried at 15 cm and the lowest was from 
seed buried at 2.5 cm (Figure 3.5). 
The interaction between depth of fall burial and date of seed movement revealed 
a distinct pattern of shattercane seedling emergence (Figure 3.6). On the first date of 
seed movement shattercane seedling emergence peaked with seed buried at 10 cm. 
Thereafter, for dates two and three shattercane seedling emergence peaked with seed 
buried from 2.5 cm to 15 cm, whereas dates four and five had emergence peaks from 
seed buried at 25 cm. Date six had highest emergence from seed buried at 5 cm and 
date seven had its highest emergence from seed buried at 10 cm. 
In 1992/93, due to high precipitation amount and poor shattercane seedling 
emergence, seed that were to be moved on the seventh date were instead retrieved for 
viability studies. Testing these seeds for their viability revealed that seed buried at 5, 
10, and 15 cm had 11, 13, and 9% viable seed, respectively. No viable seed were 
retrieved from either 2.5 or 25 cm. Earlier, viable seed had been retrieved from seed 
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Figure 3.3: Cumulative precipitation for November - August during 
the 1992/93 and 1993/94 experiments, recorded at the 
Iowa State University Meteorological Station located 
1.5 km from the experimental site. 
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Figure 3.4: Influence of date of seed raising on shattercane emergence in 1993/94 
experiment. Each point represents mean emergence percentage over 
depths for 28 days following seed raising. 
Data were fit to a 3rd order polynomial: 
y = -189.9 + 3.9x - 0.03x^^2 + 0.005x'^3 
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Figure 3.5: Influence of Depth of Fall seed burial on shattercane emergence in 
the 1993/94 study. Each point represents mean emergence 
percentage over dates for 28 days following seed moving. 
Data were fit to a 2nd order polynomial: 
Y = 4.4 + 0.4x-0.01x'^2. 
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Figure 3.6: Influence of date of seed movement on shattercane seedling emergence 
in 1994 following a fall burial at 5 depths (2.5,5,10,15, and 25 cm). 
Each point represents percent emergence for 28 days 
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buried at 2.5 cm. for dates one (7%) and two (14%), as well as seed buried at 15 cm. 
and moved on date one (6%). In 1993/94 none of the retrieved seed were viable. 
Shattercane seed dormancy has been reported by several researchers (Bumside, 
1965; Bumside, et al., 1977; Egley and Duke, 1985) but it can be overcome by 
alternating temperatures (Stanway, 1959). Stratification of shattercane seedlots did not 
remove the requirement for alternating temperatures for germination (Figure 3.1). 
Environmental factors such as soil temperature (Baskin and Baskin, 1989), are important 
in regulating seedling recruitment, and some seeds require alternating temperatures to 
initiate germination (Bewley and Black, 1994). Lower germination percentages of 
shattercane as a result of stratification (Figure 3.2) may be indicative of what takes 
place in the field over the winter period. 
Following dispersal, seeds are incorporated into the soil seed bank by burial. 
Burial can be facilitated by soil cultivation, by seed falling through cracks of dry soils, 
or by burrowing insects and other animal transport (Simpson, 1990). Due to the 
buffering capacity of the soil, weed seeds buried at different depths will encounter 
different environmental conditions (Wilson, 1988). Seeds buried closer to the soil 
surface will experience more extreme environmental fluctuations (especially of 
temperature and moisture) than more deeply buried seeds. Therefore, seeds at or near 
the soil surface will experience freezing or freezing and thawing conditions, whereas 
deeply buried seeds will primarily experience chilling, then freezing and then one slow 
thaw. Freezing, alternate freezing and thawing, and chilling have been shown to induce 
or break dormancy (Bewley and Black, 1994; Simpson, 1990) and, as in this research, 
may lead to seed death. 
Approximately 2 to 6% of weed seeds produced emerge from the seed bank and 
develop into seedlings (Ball and Miller, 1989; Cavers, 1983). The remaining seed fail 
to germinate as a result of deep burial, predation by animals, insects or pathogens, or 
physiological death (Simpson et al., 1989). It is possible that a large number of seeds in 
the soil seed bank dies as a result of exposure to stratifying environments during winter. 
The proper soil temperature range and adequate soil moisture are required for 
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successful germination and emergence of weed seeds, (Wilson, 1988). Stoller and Wax 
(1974) have shown that for germination and emergence of weeds, sufficient rainfall was 
needed to bring the top 10 cm. of soil to field capacity. The higher precipitation and 
low subsoil temperatures in 1993 resulting in the lack of shattercane emergence point to 
the inability of this species to germinate and emerge in high moisture and low 
temperature situations. Some seeds that fail to germinate can remain viable in the soil, 
potentially building up the seed bank. In 1993/94 no viable seeds were retrieved. This 
suggests that the shattercane soil seed bank that is exposed to conducive alternating 
temperatures will result in relatively high germination, and those seeds that fail to 
germinate are most likely dead. 
Shattercane emergence was relatively higher between mid-spring to early-
simmier, and decreased thereafter (Figure 3.4). In the spring (1993/94) soil moisture 
was abundant and soil temperatures were conducive for shattercane germination and 
emergence. Moving buried seed to or near the soil surface, as in cultivation, brings 
seed to an enviroiunent that promotes germination and emergence (Baker, 1989). Later 
on in the season, higher soil temperatures and lack of soil moisture may cause seeds not 
to germinate. These conditions are known to enforce dormancy on some seeds (Baskin 
and Baskin, 1989; Bewley and Black, 1994), though to a large extent shattercane seed 
lost their viability. 
Depth of weed seed in the soil influences the nature of seed banks. Deeply 
buried seed are protected from large environmental fluctuations (especially temperature 
and moisture) by the buffering capacity of the soil (Wilson, 1988). More shattercane 
seed remain viable when deeply buried and percent emergence is high when these seeds 
are moved to near the soil surface and environmental conditions are conducive (Figure 
3.5). Deeply buried seed gave higher emergence percentages when moved to near the 
soil surface on dates 4 and 5 (Figure 3.6). Lower emergence of this group of seed at 
the earlier and later dates of seed movement indicates inadequate conditions for 
germination at time of movement causing seed to become dormant or die. Absence of 
viable seed after retrieval gives conclusive evidence that these seed either germinate and 
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emerge (Figure 3.6), or die. 
Bumside et al. (1977) showed that shattercane seed left undisturbed in the field 
could remain viable in the soil for 12 years when buried at 22 cm. However, modem 
agricultural practices that incorporate soil cultivation, the use of herbicides, and crop 
rotation, have created new selection pressures on agricultural weeds favoring survival of 
plant populations with seed dormancy (Simpson, 1990). This research shows that 
deeply buried shattercane seed remain viable longer and germinate best when moved to 
near the soil surface. Shattercane seed buried near the soil surface are exposed to large 
diurnal fluctuations in temperature and moisture, and high seed mortality rates of these 
seeds will be expected. Therefore, shattercane infested fields would benefit if not 
cultivated at the end of a growing season. This would reduce the number of seeds that 
could be incorporated into the soil and leave a majority of the seeds exposed to 
environmental conditions, such as freezing and thawing, that could cause seed mortality. 
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4. INFLUENCE OF ENVIRONMENT DURING PLANT GROWTH ON 
GERMINATION OF MATURE SHATTERCANE AND GIANT FOXTAIL 
SEEDS. 
Introduction 
Weed seeds produced each year are subject to different environmental conditions 
during the period of seed development and maturation (Mayer and Poljakoff-Mayber, 
1989). Therefore, progeny produced in different years could vary substantially in seed 
dormancy. Recently, many researchers have indicated that the environment in which 
parents grow can influence the state of dormancy within their progeny (Arnold, 1991; 
Fenner, 1991; Roach and Wulff, 1987). Arnold (1991) imposed water stress on 
Sorghum bicolor and Sorghum halapense plants during seed development and 
maturation. As a result, he found that moisture availability modified the seed dormancy 
level of both species. 
Seed dormancy is a genetic trait that is modified by the environment in which 
the parent plant grows (Tuan and Bonner, 1964; Naylor, 1983; Bewley and Black, 
1994). Most agricultural weed species possess seed dormancy, which ensures their 
survival by spreading their germination in space and time (Koller, 1972; Bewley and 
Black, 1994). Many of these species have some type of primary dormancy at time of 
dispersal (Karssen, 1982; Baskin and Baskin, 1985; Egley and Duke, 1987). These 
seeds often require a period of moist-pretreatment at near-freezing temperatures 
(stratification) followed by favorable environmental conditions, such as alternating 
temperatures, before germinating (Thompson and Grime, 1983; Simpson, 1990). Seed 
dormancy is lost with the passage of time (after-ripening) and if seeds are stored in 
conducive temperatures that allow fiirther seed development after removal from parents. 
This is known as after-ripening (Simpson, 1990; Bewley and Black, 1994). However, 
some seeds can change and increase dormancy levels with passage of time, a condition 
known as secondary dormancy (Villiers, 1972; Koller, 1972). Seeds that can enter 
secondary dormancy can maintain persistent seedbanks and therefore pose serious 
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problems for agricultural producers (Thompson and Grime, 1983). 
Shattercane (Sorghum bicolor (L.) Moench) and giant foxtail {Setaria faberi 
Herrm.) are prolific seed producers and troublesome weeds in the Midwest. Shattercane 
seeds possess some degree of primary dormancy upon harvest that can be broken by 
exposing seeds to alternating temperatures (Stanway, 1959; Bumside, 1965). On the 
other hand, giant foxtail seeds possess primary dormancy at harvest (Moore and 
Fletchall, 1963) and can enter secondary dormancy (Taylorson, 1982). Both these states 
of giant foxtail dormancy are not well understood. Investigation into how the 
environment of plant growth influences seed dormancy within these species is necessary 
for improved control. 
This research was designed to investigate how variable (field) and controlled 
(greenhouse) environment of plant growth and seed development influenced subsequent 
germination behavior. The objectives were to determine i) the influence of environment 
of seed development and maturation (field vs. greenhouse) on subsequent germination of 
shattercane and giant foxtail progeny seeds fi-om different populations, ii) the influence 
of moist-stratification of shattercane and giant foxtail progeny seedlots on their 
germinability, and iii) the influence of seed age on germination and dormancy of 
shattercane and giant foxtail progeny seedlots. 
Materials and Methods 
General procedure 
In 1993 and 1994, three uncharacterized populations of giant foxtail and 
shattercane (parent seedlots) were raised fi-om seed to maturity in the field and 
greenhouse. Mature seed were harvested firom these plants (progeny seedlots), cleaned 
and their germination tested at harvest, and after 1 and 5 months of storage at 5 C. In 
addition, at harvest three portions of seed were taken firom each progeny seedlot and 
moist-stratified in three different environments and thereafter their germination tested. 
Procedures for moist-stratification and germination testing are described below. 
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Source of seed 
Three uncharacterized seedlots each for giant foxtail and shattercane, harvested 
from mature plants in the fall of 1985, 1991, and 1992, comprised the parent seedlots 
used in this study. Apart from the 1985 shattercane seedlot, harvested from Freemont 
Co., Iowa, all other seedlots were harvested from different sites within Story Co., Iowa. 
Upon harvesting each parent seedlot was cleaned and stored dry at 5 C until use. 
Procedure for field growing of plants 
On May 15, 1993, and May 2, 1994, giant foxtail and shattercane parent seeds 
were planted either in 2 in. peat pots, for seedlings to be transplanted to the field, or in 
11-L (25 cm diameter) plastic pots, for seedlings to be raised to maturity in the 
greenhouse. In both cases, the pots were filled with a potting mix (20% soil, 40% 
perlite, 40% peat) in which parent seeds were planted. Each pot was over-seeded and 
emerged seedlings were thinned to one plant per pot. Pots were watered daily with 
distilled water and weekly with a water-soluble 20-20-20 fertilizer. Greenhouse 
temperatures were maintained at approximately 30 and 18 C, day and night, 
respectively, and the daylength at 15 h. High-intensity sodium lights were used to 
extend the photoperiod to the desired length. 
Seedlings were raised in the greenhouse for 25 days before transplanting at Iowa 
State University's Burkey Farm. The soil was a Webster silt loam (fine-loamy, mixed, 
mesic Typic Haplequoll) with a pH of 7.3. Seedlings of each parent seedlot were 
transplanted on June 14, 1993, and May 26, 1994, in four rows of ten plants each. 
Plants were watered thoroughly and left to grow to maturity without any additional 
treatments administered. In the greenhouse, plants were watered daily and fertilized 
weekly until maturity. To monitor envirorunental conditions in the field, daily 
precipitation as well as maximum and minimum temperatures were obtained from the 
Iowa state Meteorological Station on Agronomy Farm, located approximately 1.5 km 
from the experimental site. 
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Harvesting of progeny seed 
In each environment progeny seed were harvested from a total of twenty plants 
per parent seedlot. Following anthesis, ten giant foxtail panicles per plant, and three 
shattercane panicles per plant, were randomly selected for seed harvesting. Delnet bags 
were placed over selected panicles to prevent possible outcrossing, especially with 
shattercane, and aid in harvesting naturally dispersed seed. After placing bags on 
panicles the plants were staked so as to avoid possible lodging. Selected giant foxtail 
panicles were from either primary, secondary or tertiary tillers and only seed that were 
naturally dispersed from panicles were used in subsequent germination testing. Seeds 
from entire shattercane panicles were used regardless of whether they shattered or not. 
Selected panicles were removed from the plants, and seed harvested, when greater than 
80% of the plants were dead. In 1993 progeny seedlots were harvested from the 
greenhouse on September 20 and from the field on October 13. In 1994 progeny 
seedlots were harvested from the greenhouse on August 31 and from the field on 
September 27. Progeny seeds were removed form the delnet bags, cleaned, and 
prepared for subsequent experiments. 
Moist-stratification 
Each progeny seedlot was moist-stratified in three different environments and 
their germinability tested thereafter. For stratification, 2,000 progeny seeds were mixed 
with 300 g of a steam-sterilized Clarion silt loam soil (5.2% organic matter, pH of 7.1) 
and placed in 0.5-L (10 cm. diameter) waxed paper pots. To each pot 186 ml of 
distilled water was added, to approximate 85% field capacity of the soil used. Each pot 
was placed in one of three crispers which were then covered with lids and placed in 
either the freezer (-15 C) or refrigerator (5 C). Stratification was for 42 days in three 
envirorunents: freezing (-15 C), chilling (5 C), and freezing and thawing (7-day cycles 
of freezing alternated with chilling). Thereafter, germinability of stratified seed was 
determined as described below. 
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Germination tests 
Germination tests were conducted once with stratified seed and three times with 
mature non-stratified seed, immediately following harvest, and at 1 and 5 months after 
seeds had been stored dry at 5 C. During each germination test four lots of 100 seeds 
each were placed in each of four 22 x 15 cm plastic crispers fitted with germination 
paper soaked in distilled water, and incubated in temperature-controlled chambers. 
Crispers were covered with lids to prevent excessive moisture loss and maintained moist 
with distilled water daily. Seeds were incubated in four temperature regimes and 
germination monitored every two days. These incubations were: (i) 25 C for 28 days, 
(ii) 35/15 C for 28 days, (iii) 25 C for 14 days followed by 35/15 C for 14 days, and 
(iv) 35/15 C for 14 days followed by 25 C for 14 days. Four replicates of 100 seeds 
were incubated in each temperature. For all germination tests a 14-h photoperiod was 
maintained. Protrusion of the radicle was the criterion for germination and germinated 
seedlings were removed and discarded. 
Statistical analysis 
All data were subjected to analysis of variance to evaluate differences between 
environments, seedlots, temperature, age of seedlot, stratification, and all possible 
interactions. Fisher's Protected Least Significant Difference (P< 0.05) was used to 
compare treatment means. 
Results and Discussion 
Total precipitation between May and October in 1993 was slightly more than 
twice that for 1994 (Table 4.1). Average daily maximum and minimum temperatures 
over the same period indicated that 1994 was a warmer year. The extremely wet 
conditions of 1993 most likely contributed to the differences observed in ambient air 
temperature, and consequently soil temperatures. As a result of the differences between 
years, shattercane and giant foxtail plants growing in the field in 1993 were shorter and 
smaller, and produced few tillers, whereas plants growing in 1994 were taller and larger. 
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Table 4.1: Monthly precipitation and average ddly maximum and minimum air temperatures 
for May to October of 1993 and 1994, Data were collected at the Iowa State 
University Meteorological Staion on Agronomy Farm, approximately 1.5 km 
from the experimental site. 
Month Precipitation (mm) Temperature (C) 
1993 1994 1993 1994 
Max Min Max Min 
May 186 44 21 10 23 10 
June 194 142 25 15 28 16 
July 416 58 27 18 28 16 
August 264 113 27 17 27 15 
September 101 114 20 9 26 12 
October 50 78 16 5 18 7 
Total Precip. 1211 549 
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and produced numerous tillers. Greenhouse plants were similar between years. 
A specific pattern of germination in response to temperature was observed with 
shattercane (Figure 4.1), but not with giant foxtail progeny seedlots (Figure 4.2). The 
pattern of shattercane progeny seedlot germinated to near 100% when exposed to any 
treatment that included fluctuating temperatures, and less than 40% when exposed to 
constant temperatures only (Figure 4.3). As for giant foxtail, germination in response to 
temperature was variable with each seedlot responding differently. In both years the '91 
giant foxtail seedlot had the lowest percent germination and the '92 seedlot had the 
highest (Figures 4.2 and 4.6). Responses to temperature by the two species are 
indicative of their overall ecological strategy. Whereas shattercane was introduced to 
the US from the tropics (BClier, 1988), giant foxtail was introduced from China 
(Fairbrothers, 1959; Femald, 1944) already adapted to temperate conditions. Therefore, 
the apparent lack of a deep state of dormancy in shattercane may indicate that nature 
has not adequately selected for this trait. In spite of this observation, the spread and 
increzising incidence of shattercane infestation may be indicative of increasing degrees 
of dormancy within this species. On the other hand, nature has already selected varying 
states of dormancy in giant foxtail. Giant foxtail has both primary and secondary 
dormancy and germinates in a manner that suggests the control of dormancy could be at 
the genetic level. 
Shattercane progeny seedlots from the field had lower percent germination than 
greenhouse seedlots in both years (Figure 4.5). Differences in germination at constant 
temperature (Figure 4.1) could be the primary source of variation among these seedlots. 
Overall responses shown by shattercane seeds indicate that there is a primary dormancy 
that prevents shattercane seeds from germinating immediately following dispersal. This 
low germinability at constant temperatures was more of a factor with field progeny 
seedlots and the variable environmental conditions (especially temperature) in the field 
may have had a significant role. 
In both years, giant foxtail field progeny seedlots had higher percent germination 
than equivalent seedlots from the greenhouse (Figure 4.6). Even though greenhouse 
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Figure 4.3; Percent germination of shattercane as influenced by 
Constant (25 C), Fluctuating (35/15 C) temperatures, 
and age of seedlot in 1993 and 1994. 
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Figure 4.4: Percent germination of giant foxtail as influenced by 
Constant (25 C), Fluctuating (35/15 C) temperatures, 
and age of seedlot in 1993 and 1994. 
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Figure 4.5: Influence of age of 1985,1991, and 1992 shattercane field (FL) 
and greenhouse (GH) progeny seedlots on percent germination 
in 1993 and 1994. 
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Figure 4.6: Influence of age of 1985,1991, and 1992 giant foxtail field (FL) 
and greenhouse (GH) progeny seedlots on percent germination 
in 1993 and 1994. 
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seedlots were grown under uniform conditions, it is possible that some stress factors, 
such as shade, nutrition, water, and temperature, may have caused these progeny to be 
more dormant than field progeny. On the other hand, prior to their harvest field 
progeny may have experienced a period of low temperatures that were adequate for the 
release of dormancy (Simpson, 1990; Kuo and Chu, 1982). 
As shattercane progeny seedlots increased in age there was an increase in percent 
germination (Figures 4.3 and 4.6). The apparent loss of dormancy was more evident 
with seeds exposed to constant temperature and may be indicative of the gradual loss of 
primary dormancy. In contrast, giant foxtail progeny seedlots had different germination 
patterns in each year. In 1993, there was an overall decrease in percent germination 
with increased age of seedlots, whereas in 1994 there was an increase in germination 
with increased age of seedlots (Figure 4.4). This decrease in percent germination with 
increase in age was observed with the 1993 greenhouse progeny seedlots only (Figure 
4.6) and suggested that some seeds had entered secondary dormancy. Causes of 
secondary dormancy are poorly understood. Suggested mechanisms include loss of 
sensitivity to ph3^ochrome, hormones, and temperature (Bewley, 1980; Karssen, 
1980/81; Khan, 1980/81). However, Taylorson (1982) suggests that changes in 
membrane fiinction in response to temperature determine whether or not giant foxtail 
seeds can enter secondary dormancy. 
Percent germination for both giant foxtail and shattercane progeny seedlots 
following moist-stratification in three environments was different (Table 4.2). For both 
species, seeds that were stratified in fireezing or chilling environments had higher 
percent germination than seeds stratified in the alternate fireezing and thawing 
environment. The effects of alternate freezing and thawing v/ere more drastic on 
shattercane where on average there was 70% loss of viability amongst progeny seedlots 
in both years. Freezing or alternate freezing and thawing can break dormancy (Baskin 
and Baskin, 1989) and this is thought to be via the desiccating action of the freezing 
(Johnson, 1935). However, Bewley and Black (1994) have suggested that alteration of 
membrane components in response to exposing seeds to low temperatures is the 
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Table 4.2: Percent germination of 1985,1991, and 1992 giant foxtail and shattercane 
progeny seedlots as influenced by environment of seed maturation, field or 
greenhouse, and stratification treatment, freezing, alternate freezing and thawing, 
and chilling, in 1993 and 1994. 
Giant Foxtail Shattercane 
Environment Year Stratification 1993 1994 1993 1994 
% 
Greenhouse 1985 
1991 
1992 
Field 1985 
1991 
1992 
Mean 
LSD (0.05) 
Freezing 97 
Freeze/Thaw 90 
Chilling 97 
Freezing 85 
Freeze/Thaw 89 
Chilling 96 
Freezing 93 
Freeze/Thaw 89 
Chilling 92 
Freezing 93 
Freeze/Thaw 94 
Chilling 98 
Freezing 91 
Freeze/Thaw 92 
Chilling 91 
Freezing 90 
Freeze/Thaw 91 
Chilling 95 
92 
3 
93 81 75 
60 11 4 
98 65 79 
93 93 81 
69 28 12 
87 70 84 
96 94 79 
81 34 17 
98 84 88 
66 71 62 
81 19 4 
81 67 86 
68 77 74 
71 34 23 
83 63 87 
92 69 66 
80 34 6 
96 55 83 
83 58 57 
5 5 6 
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dormancy-breaking mechanism. The ability of giant foxtail seeds to withstand freezing 
and thawing temperatures gives this species the advantage of survival in temperate 
climates. On the other hand, this environment is not desirable for shattercane and 
therefore alternate systems for survival in temperate climates will be required for this 
species. 
Each year, seeds that are dispersed and are incorporated in the soil go through a 
period of stratification that may or may not be beneficial to a species. Averaged percent 
germination of nonstratified (at harvest, 1 month and 5 months) and stratified (fireezing, 
alternate freezing and thawing, and chilling) seeds showed a specific trend for each 
species. All giant foxtail seedlots improved their germination with stratification whereas 
all shattercane seedlots had less germination following stratification (Figure 4.7). The 
overall increase in giant foxtail percent germination suggests that conditions during 
stratification are important in removing the blocks to germination. On the other hand, 
stratification is least beneficial to shattercane, where a number of its seeds losses 
viability. Therefore, imder natural conditions where factors such as seed predation and 
pathogen attack may reduce seed in seedbanks (Garwood, 1989), cold conditions during 
winter, especially freezing and thawing, will result in further losses of shattercane seeds 
from the soil seed-bank. 
Non-Stratified 
Stratified Giant Foxtail Shattercane 
1985 GH 1991 GH 1992 GH 1985 FL 1991 FL 1992 FL 
Seedlot 
1985 GH 1991 GH 1992 GH 1985 FL 1991 FL 1992 FL 
Seedlot 
Figure 4.7: Influence of stratification compared with non-stratification on percent germination of 
1985, 1991 and 1992 giant foxtail and shattercane progeny seedlots in 1993 and 1994. 
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5. INFLUENCE OF TEMPERATURE, PHOTOPERIOD, AND WATER DEFICIT 
DURING DEVELOPMENT AND MATURATION OF SHATTERCANE AND 
GIANT FOXTAIL SEEDS ON GERMINABILITY 
Introduction 
Water deficit, low or high temperature, and changes in photoperiod are some of 
the environmental stresses that can occur at any time during seed development. 
Changes in the environmental conditions of the maternal plant during seed development 
and maturation can affect the level of dormancy in progeny seed (Roach & Wulff, 
1987). In most cases, more than one stress may be experienced by plants, and the effect 
of these on seed development may be magnified and be greater than the sum of the 
individual stresses (Bewley & Black, 1994). Several researchers have used the parental 
environment approach to investigate dormancy mechanisms in seeds (Fenner, 1990; 
Arnold, 1991). For example, Arnold (1991) found that in grain sorghum (Sorghum 
bicolor) water stress imposed during grain filling in the life cycle of the mother plant 
led to the attainment of higher germination rates. Schreiber (1965), who grew giant 
foxtail (Selaria faberi) plants under different temperatures and photoperiods, showed 
that plants grown in temperatures of 16 to 27 C and photoperiods of 8 to 20 hrs 
produced viable seeds, whereas plants grown at 10 C did not produce any viable seed 
regardless of photoperiod. While investigating germinability of Chenopodium album 
seeds, Karssen (1970) showed that seeds of plants exposed to long days had lower 
germination than those from plants exposed to short days. As for the role of 
temperature, in Avena fatua the duration of dormancy in mature seeds is enhanced by 
low temperatures during seed development and diminished by high temperatures 
(Simpson, 1990). 
Giant foxtail (Setaria faberi Herrm) and shattercane (Sorghum bicolor (L.) 
Moench.) are two problematic weeds of the midwest Com Belt that are prolific seed 
producers. Giant foxtail seeds have both primary and secondary dormancy 
characteristics whereas shattercane seeds seem to possess only a primary dormancy. 
71 
The ability to produce seeds with varying degrees of dormancy in response to changes 
in the environment could be indicative of the overall strategy of these species. 
This research was designed to investigate how environment during seed 
development on the parent plant affects seed dormancy. The objective was to determine 
the influence of temperature, photoperiod and water deficit during seed development on 
germinability and dormancy of shattercane and giant foxtail progeny seeds. 
Materials and Methods 
General procedure 
To investigate the influence of environment of seed development and maturation 
on seed dormancy, giant foxtail and shattercane seeds were planted in pots and grown in 
growth chambers. Following anthesis, photoperiod, temperatures, and moisture were 
varied, resulting in eight environments for giant foxtail and four for shattercane. These 
environments were maintained throughout the period of seed development and 
maturation. Progeny seed were harvested from giant foxtail plants to correspond to 
three different stages of panicle initiation, whereas shattercane seed were harvested from 
panicles at one time only. Germination trials, described below, were performed on 
harvested seed. 
Source of seed 
Parent seeds used in this experiment were collected from mature giant foxtail and 
shattercane plants in the fall of 1993 in Story Co., Iowa. Following harvest, seed were 
cleaned and stored dry at 5 C imtil use. 
Setting up experiment in the growth chamber 
Giant foxtail and shattercane seeds were planted in a potting mix (20% soil, 40% 
perlite, 40% peat) in 11-L (25 cm diameter) plastic pots. Pots were initially over-seeded -
and later thiimed to leave one plant per pot at the 5-6 leaf stage. Fifteen pots seeded 
with giant foxtail were placed in each of four environmentally-controlled growth 
72 
chambers, whereas thirty pots seeded with shattercane were placed in each of two 
similar growth chambers. All chambers provided a 15-h photoperiod, with a 
photosynthetic flux density of 500 umol m'^s"' at the top of pots. Temperatures were 
maintained at 30 C during the light period and 20 C during the dark period. Pots were 
kept well-watered daily with distilled water and were fertilized weekly with a water-
soluble 20-20-20 fertilizer. Plants were kept separated to prevent interplant shading. 
Interplant competition for water, light and nutrients was kept at a minimimi. 
Temperature and photoperiod changes 
Temperature and photoperiod changes that correspond to early and late fall in 
Iowa, were initiated after anthesis in giant foxtail and shattercane. Based on uniformity 
at anthesis, the number of plants in each chamber was reduced to ten giant foxtail plants 
in each of four growth chambers and to twenty shattercane plants in each of two growth 
chambers. Thereafter, at 5 and 20 days after anthesis (DAA), photoperiod and 
temperature were changed to result in four environments for seed development and 
maturation (Table 5.1). These were; 
(A) Long photoperiod and low temperatures - at 5 DAA, photoperiod and temperatures 
were changed to 16 h and 24/13 C, respectively. At 20 DAA, no change in 
photoperiod, and temperatures were changed to 18/7 C. 
(B) Long photoperiod and high temperatures - at 5 DAA, photoperiod and temperatures 
were changed to 16 h and 27/16 C, respectively, with no changes at 20 DAA. 
(C) Short photoperiod and low temperatures - at 5 DAA, photoperiod and temperatures 
were changed to 14 h and 24/13 C, respectively. At 20 DAA, photoperiod and 
temperatures were changed to 12 h and 18/7 C, respectively. 
(D) Short photoperiod and high temperatures - at 5 DAA, photoperiod and temperatures 
were changed to 14 h and 27/16 C, respectively. At 20 DAA, photoperiod was changed 
to 12 h, with no change in temperatures. 
Giant foxtail plants were grown in all 4 environments, whereas shattercane plants 
were grown in environments B and C. 
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Table 5.1: Temperature and photoperiod settings during development of shattercane and 
giant foxtail seeds 
Environment ^ 
A B C D 
Before 5 DAA ^ 
Temperature 30/20 C 
Photoperiod 15 h 
5 to 20 DAA 
Temperature 24/13 C 
Photoperiod 16 h 
After 20 DAA 
Temperature 18/7 C 
Photoperiod 16 h 
30/20 C 30/20 C 30/20 C 
15 h 15 h 15 h 
27/16 C 24/13 C 27/16 C 
16 h 14 h 14 h 
27/16 C 18/7 C 27/16 C 
16 h 12 h 12 h 
^ Environments: 
A = Long photoperiod and low temperature 
B = Long photoperiod and high temperature 
C = Short photoperiod and low temperature 
D = Short photoperiod and high temperature 
^ DAA = Days After Anthesis 
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Water deficit treatments 
At 5 DAA, moisture deficit treatments were initiated. In each growth chamber, 
half the plants had water withheld until the first signs of wilting were observed in 80% 
of the plants. Thereafter, these plants were watered thoroughly with distilled water and 
left until signs of wilting were again observed. At every third watering water-stressed 
plants were fertilized. The other half of the plants were watered daily with distilled 
water and fertilized weekly. 
Harvesting of seed 
Giant foxtail seed were harvested from panicles that were initiated during three 
different time stages that corresponded with photoperiod and temperature changes. 
These were: Stage I - panicles that were initiated before 5 DAA, Stage II - panicles that 
were initiated between 5 and 20 DAA, and Stage III - panicles that were initiated 
between 20 and 30 DAA. During each stage delnet bags were placed over ten randomly 
selected giant foxtail panicles on secondary and tertiary tillers of all plants to prevent 
outcrossing and aid in harvesting seeds. Panicles from primary tillers of giant foxtail 
were avoided because they grew too close to growth chamber lights. Only seed that 
were naturally shattered were used in subsequent experiments. At 70 DAA, selected 
panicles were removed from plants and seed harvested. 
Shattercane seeds were harvested from two panicles of each plant. Due to 
inconsistencies in tiller there were no time stages of panicle initiation for shattercane. 
Delnet bags were placed over selected panicles and seed from entire panicles were used, 
whether naturally dispersed or not. At 88 DAA, selected panicles were removed from 
plants Eind seed harvested. 
Mature giant foxtail and shattercane seeds were harvested when 80% of the 
plants in each environment were dead. Harvested seeds were consolidated according to 
environment, stage of panicle initiation (giant foxtail seedlots only) and watering status, 
and prepared for germination trials. 
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Germination trials 
Germination trials were performed on giant foxtail and shattercane seed 
immediately after harvesting and after seed had been stored dry at 5 C for three months. 
In both trials, four replicates of 25 seeds each were placed in four 22 x 15 cm crispers 
fitted with germination paper soaked with distilled water. Crispers were covered with 
lids to prevent excessive moisture loss. Crispers were placed in temperature-controlled 
chambers and were maintained moist with distilled water daily. Germination assays 
were conducted at three temperature regimes for 14 days. These were incubation at: (i) 
25 C, (ii) 30/20 C, and (iii) 35/15 C. A 14-h photoperiod was mziintained in all 
experiments. Germination was monitored every two days and germinated seedlings 
were counted and discarded. Protrusion of the radicle was the criterion for germination. 
Statistical analysis 
Data were subjected to analysis of variance using the GLM procedure to evaluate 
the differences between seedlots as influenced by photoperiod, temperature, watering 
status and their interactions. Fisher's Protected Least Significant Difference P<0.05) test 
was used to compare treatment means. 
Results and Discussion 
Giant foxtail seedlots firom the short photoperiod and high temperature 
environment had the highest percent germination of all seedlots (Figure 5.1). In 
addition, seedlots from this environment did not show any trend with the different 
stages of seed, unlike the other seedlots from other environments. Seedlots from the 
long photoperiod and low temperature environment had the lowest percent germination 
(Figure 5.1). In the low temperature environments both well-watered and water-stressed 
plants produced more dormant seed during stage III and the least dormant during stage I 
(Figure 5.1). In the high temperature environments, this trend was observed only with 
well-watered seeds produced under the long photoperiod (Figure 5.1). In this 
environment stage I seed were the more dormant and stage III seed had the least 
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Figure 5.1; Influence of temperature (25,30/20, and 35/15 C) on percent 
germination of stage I, U, and in seeds harvested from well-
watered (WW) and water-stressed (WS) giant foxtail plants 
that were raised in four environments. 
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dormancy. 
The differences in percent germination between seed of different stages suggest 
that giant foxtail is polymorphic in nature. Polymorphism is a genetic trait that can be 
influenced by environmental conditions resulting in the production of seed with varying 
degrees of dormancy (Bewley and Black, 1994; Egley and Duke, 1985; Villiers, 1972). 
Our research shows that giant foxtail polymorphism in seed development is highly 
dependent on envirotmiental conditions, especially changes in temperature, photoperiod, 
and moisture. For instance, the combination of short photoperiod and high temperature 
led to production of seeds that had high percent germination and that did not differ in 
their degree of dormancy (Figure 5.1). On the other hand, the combination of short 
photoperiod and low temperatures led to the production of seedlots with different 
degrees of dormancy (Figure 5.1). In some species, low temperature during seed 
development and maturation induce dormancy whereas high temperatures minimize 
dormancy (Simpson, 1990). 
The influence of water stress on germinability of giant foxtail seeds was highly 
related to the temperature of the envirormient. On average, well-watered seedlots from 
high temperature environments had higher percent germination than water-stressed 
seedlots (Figure 5.1). In contrast, water-stressed seedlots from low temperature 
envirorunents had higher percent germination than well-watered seedlots from the same 
environment (Figure 5.1). Water stress during seed development, and its interaction 
with other environmental factors such as temperature and light, can affect the degree of 
dormancy within several plant species (Peters, 1982; Fenner, 1991, Bewley & Black, 
1994). 
Seedlots from each environment had variable germination in response to 
temperature (Figure 5.1). In most cases the highest percent germination was with 
constant temperature and the lowest with alternating temperatures (Figure 5.2). For 
each environment, percent germination increased with increase in age of seedlot. This 
increase in percent germination was of larger magnitude with incubation in alternating 
temperatures of 35/15 C. Following harvesting of giant foxtail seeds, a period of after-
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Figure 5.2: Influence of temperature (25,30/20, and 35/15 C) on percent 
germination of giant foxtail seeds, raised in four environments, 
at harvest and alter 3 months of storage. 
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ripening seems necessary for seeds to increase their germination in response to 
alternating temperatures (Figure 5.2). Apart from the non-drought stage I seedlot from 
the long photoperiod and low temperature environment, all seedlots from all four 
environments stayed the same or increased in percent germination with increased age of 
seedlot (Figure 5.3). Even though seeds lose their dormancy with the passage of time, 
storing seeds dry at low temperature helps sustain dormancy (Simpson, 1988). Some 
species, such as Sorghum spp., have dormancies that can be overcome by exposing 
seeds to alternating temperatures (Baskin & Baskin, 1988; Arnold, et al., 1991). Others, 
such as Poa annua, require several days of after-ripening before they can germinate in 
alternating temperatures (Naylor & Abdalla, 1982). 
Shattercane seedlots harvested from the long photoperiod and high temperature 
environment had higher percent germination than seedlots from the short photoperiod 
and low temperature environment (Figure 5.4). Under the long photoperiod and high 
temperatiire environment percent germination of well-watered seedlots was similar to 
that of water-stressed seedlots. Under the short photoperiod and low temperature 
environment percent germination of the well-watered seedlot was lower than that of the 
water-stressed seedlot. 
Shattercane seedlots from both environments germinated best when exposed to 
alternating temperatures compared with constant temperature (Figures 5.4 and 5.5). 
Under alternating temperatures percent germination decreased slightly with increasing 
age of seedlots, whereas under constant temperature there was a relatively high increase. 
Well-watered and water-stressed shattercane seedlots from the long photoperiod 
and high temperature environment had increased percent germination with increase in 
age of seedlot (Figure 5.6). In contrast, percent germination of well-watered and water-
stressed seedlots from the short photoperiod and low temperature environment was 
similar at harvest, but after 3 months of storage percent germination of the well-watered 
seedlot was 30% lower than that of the water-stressed seedlot (Figure 5.6). Though 
shattercane seeds possess a type of dormancy that is broken by germinating seeds in 
alternating temperatures, the ability to produce seed with varying degrees of dormancy 
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Figure 5.3: Influence of age of seedlot (at harvest and at three months) on percent 
germination of giant foxtail stage I - in seeds harvested from well-watered 
(WW) and water-stressed (WS) plants raised in four environments. 
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Figure 5.4: Influence of temperature (25, 30/20, and 35/15 C) on germination of 
shattercane seeds harvested from well-watered CVVHiV) and water-stressed 
(WS) plants growing in two environments; B - Long photoperiod, high 
temperature, and C - Short photoperiod, low temperature. 
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Figure 5.5: Influence of temperature (25,30/20, and 35/15 C) on percent 
germination of shattercane seeds at harvest and after 3 months 
of storage. 
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Figure 5.6: Influence of seedlot age (at harvest and at 3 months) on percent 
germination of shattercane seeds harvested from well-watered (WW) and 
water-stressed plants raised in two environments (B - Long photoperiod, 
high temperature, and C - Short photoperiod, low temperature). 
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would increase problems for crop producers. The decrease in germination over time is 
one indicator of seeds that enter secondary dormancy, and the water-stressed seedlot 
from the short photoperiod and low temperature envirormient (Figure 5.6) appears to 
have done so. Since this is the temperature regime for panicles produced in the fall, 
shattercane may produce seeds with secondary dormancy in temperate climates 
Seeds that remain dormant in the soil lead to the maintenance of a persistent seed 
bank that can spread germination over a period of time (Koller, 1972; Mayer and 
Poljakoff-Mayber, 1989). Polymorphism and secondary dormancy are factors that aid a 
species in survival and persistence. Giant foxtail seeds possess both traits and as such 
indicate why this species has persisted for so long in agricultural land despite the 
advanced weed control technology available. Shattercane, on the other hand, appears far 
more easier to predict and control. However, this research points to the possible 
existence of secondary dormancy within the species that may accoimt to some extent for 
its spread and persistence. 
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GENERAL CONCLUSIONS 
This study was undertaken to evaluate differences in germination within 
shattercane (Sorghum bicolor (L.) Moench.) and giant foxtail (Setaria faberi Herrm.) 
seedlots and to relate the findings to their germination ecology. To understand better 
how both species can persist in agricultural soils despite the presently available weed 
control technology, this study was designed to investigate the role of temperature, along 
with other environmental factors, in determining dormancy and germination. 
Giant foxtail progeny seeds from parents germinated at constant temperature 
differed from progeny of parents germinated at alternating temperatures. Those progeny 
from parents that germinated at alternating temperatures were more dormant than those 
germinated at constant temperatures. This suggests that giant foxtail seedlings that 
emerge later in the season, when soil temperatures are relatively high and more variable, 
will produce more dormant progeny. Shattercane progeny seedlots from parents that 
had been germinated at either constant or alternating temperature did not differ in their 
germination. 
Increased burial depth resulted in decreased emergence of shattercane and giant 
foxtail. Increased shade resulted in decreased subsoil temperature alternations, and 
decreased shattercane emergence. Whereas shattercane emergence was limited by the 
amplitude of subsoil temperature fluctuations, giant foxtail emergence was more likely 
limited by seed size or lack of sufficient seed reserves. Therefore, shattercane 
emergence is limited by seed depth, the availability of gaps and/or a covering 
vegetation, whereas giant foxtail is limited by depth of seed. 
Following fall burial and spring/summer raising, shattercane emergence was 
highest in mid-May to mid-June, especially with the more deeply buried seeds, and 
seeds that failed to germinate and emerge were dead. Moist-stratification in freezing, 
freezing and thawing, and chilling envirormients lowered germinability of shattercane 
seeds. An average of 70% of shattercane seeds from the alternate freezing and thawing 
environment lost their viability. These findings imply that where cultivation is a 
frequent practice, shattercane seed survival is low and as such maintenance of a 
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shattercane seedbank would require a yearly replenishment of seed. 
Shattercane and giant foxtail progeny seeds harvested from field- and 
greenhouse-raised plants were different in their germination. In addition, progeny of 
different parentage showed differences in germination with giant foxtail and not 
shattercane. These differences suggested that environment had more of an influence in 
determining giant foxtail dormancy than it did with shattercane. Moist-stratification of 
progeny resulted in increased germination of giant foxtail and a decrease in shattercane. 
Stratifying shattercane seeds in an alternate freezing and thawing environment resulted 
in 70% loss of viability. 
The influence of temperature, photoperiod, and moisture fiuther indicated how 
changes in the enviroiunent can influence germinability of giant foxtail and shattercane 
seeds. These enviroimiental changes resulted in production of giant foxtail seeds vsdth 
varying degrees of dormancy and shattercane seeds that appeared to enter secondary 
dormancy. 
Persistence of giant foxtail seeds in the soil seed bank is aided by several factors 
that include production of polymorphic seeds with varying degrees of dormancy and 
ability to germinate at either constant or alternating temperatures. On the other hand, 
shattercane produces seeds that respond to temperature in similar ways. These seeds 
have high germination when exposed to eiltemating temperatures and low germination 
with constant temperature. Therefore, above-ground shading and seed depth are factors 
that can minimize shattercane emergence. The pattern of shattercane seed survival 
suggests that operations that minimize cultivation, and therefore seed burial, will leave 
seed exposed to harsh winter conditions, such as alternate freezing and thawing, and 
result in high seed mortality. 
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Table A-1. Analysis of variance with single degree of freedom comparisons for percent 
germination of 1985 (85) and 1991 (91) giant foxtail STAGE I, H, and HI, 
progeny seedlots at harvest and after 6 months storage. 
Source df Mean square 
Seedlot ^ 9 5,216.5** 
cl: in vs H, I 1 2,886.1** 
c2:1 vs n 1 11,742.8** 
c3: 85 vs 91 (I) 1 5.1 
c4: 85 vs 91 (H) 1 16,512.3** 
c5: 85 vs 91 (HI) 1 7,550.1** 
c6: FT vs F, C 1 2,656.5** 
c7:FvsC 1 2,467.5** 
c8:c5 * c6 1 481.5* 
c9: c5 * c7 1 2,646.3** 
Age 1 1,739.1** 
Seedlot * Age 9 436.7** 
Error 60 91.0 
*, ** denotes significance at the 5% and 1% levels, respectively 
° I = Parents germiated at 25 C 
n = Parents germinated at 35/15 C 
in = Parents germinated at 25 C following stratification 
F = Stratification in freezing environment 
C = Stratification in chilling environment 
FT = Stratification in alternate freezing and thawing environment. 
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Table A-2. Analysis of variance with single degree of freedom comparisons for percent 
germination of 1985 (85) and 1991 (91) shattercane STAGE I, n, DI, and IV 
progeny seedlots at harvest and after 6 months storage. 
Source df Mean square 
Seedlot 6 9 4** 
cl: 85 vs 91 (I) 1 30.3** 
c2: 85 vs 91 (H) 1 1.0 
c3:1 vs n 1 10.1* 
c4: i ,nvsin, iv  1 6.7 
c5:1 vs m (91) 1 6.0 
c6: n vs IV (91) 1 1.6 
Age 1 33.0** 
Seedlot * Age 6 4.3 
Error 42 2.5 
*, ** Denotes significance at the 5 % and 1% levels, respectively 
Q I = Parents germiated at 25 C 
II = Parents germinated at 35/15 C 
m = Parents germinated at 25 C following stratification 
IV = Parents germinated at 35/15 C following stratification 
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Table A-3. Analysis of variance with single degree of freedom comparisons for percent 
germination of 1991 (91) and 1992 (92) giant foxtail and shattercane STAGE 
I and n progeny seedlots at harvest and after 1 and 4 months storage. 
Source df Mean squares 
Giant Foxtail Shattercane 
Temperature (T)'^ 3 4,968.3** 2,672.4** 
cl: C vs F, C+F, F+C 1 8,977.6** 7,291.0** 
c2: F vs C+F, F+C 1 5,859.0** 1.1 
c3: C+F vs F+C 1 68.3 96.0** 
Seedlot (S) ^ 3 38,875.7** 17.4 
c4: 91 vs 92 1 102,582.5** 4.1 
c5:Ivsn(91) 1 2,340.4** 26.0 
c6; I vs n (92) 1 11,704.2** 22.0 
Age (A) c 1 285.3** 144.0** 
c7: OM vs 1,4M 1 242.3** 219.0** 
c8:1 M vs 4 M 1 328.3** 69.0** 
Temperature * Seedlot 9 451.8** 84.4** 
Temperature * Age 6 1,206.3** 115.6** 
Seediot * Age 6 92.2** 139.7** 
Temp * Seedlot * Age 18 123.7** 107.5** 
Error 144 27.8 10.1 
*, ** Denotes significance at the 5% and 1% levels, respectively 
^ C = Constant temperature (25 C); F = Fluctuating temperature (35/15 C) 
b I = Parents germiated at 25 C; 11 = Parents germinated at 35/15 C 
^ 0 M, 1 M, and 4 M = At harvest, 1 Month, and 4 Months, respectively. 
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Table A-4. Analysis of variance with single degree of freedom comparisons for the 
influence of temperature on percent germination of 1991 (91) and 1992 (92) 
giant foxtail STAGE I, n, IH, and JV progeny seedlots. 
Source df Mean square 
Temperature^ 3 872.2** 
cl; C vs F, C+F, F+C 1 565.3** 
c2: F vs C+F, F+C 1 1.1 
c3: C+F vs F+C 1 2,050.1** 
Seedlot^ 14 15,528.4** 
c4:1 vs n, in, IV 1 18,740.1** 
c5: n vs in, IV 1 26,548.2** 
c6: in vs rv 1 10,348.8** 
c7: 91 vs 92 (I) 1 5,050.1** 
c8:91 vs 92 (n) 1 17,528.0** 
c9; 91 vs 92 (IH) 1 31,682.7** 
clO: 91 vs 92 (IV) 1 100,167.4** 
cll:Fvs FT,C(91) 1 1,462.1** 
cl2: F vs FT, C (92) 1 494.1** 
cl3;FTvsC(91) 1 870.3** 
cl4: FT vs C (92) 1 81.0 
cl5: c6*cl2 1 1,036.8** 
cl6: c6*cl3 1 105.6 
cl7:c6 * cl4 1 964.3** 
Temperature * Seedlot 42 242.7** 
Error 180 50.8 
*, ** Denotes significance at the 5% and 1% levels, respectively 
^ C = Constant temperature (25 C); F = Fluctuating temperature (35/15 C) 
^ I = Parents germiated at 25 C; 
n = Parents germinated at 35/15 C 
in = Parents germinated at 25 C following stratification 
IV = Parents germinated at 35/15 C following stratification 
F = Stratification in freezing environment 
FT = Stratification in alternate feeezing and thawing environment 
C = Stratification in chilling environment 
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Table A-5. Analysis of variance with single degree of freedom comparisons for the 
influence of temperature on percent germination of 1991 (91) and 1992 (92) 
shattercane STAGE I, n, IH, and IV progeny seedlots. 
Source df Mean square 
Temperature ^ 3 96.4** 
cl: C vs F, C+F, F+C 1 282.3** 
c2; F vs C+F, F+C 1 6.9 
c3: C+F vs F+C 1 0.1 
Seedlot ^ 6 41.4** 
c4: 91 vs 92 1 25.0 
c5:1 vs n 1 144.0** 
c6; c4 * c5 1 30.3 
c7:FvsC(91) 1 8.2 
c8:1, n vs m, IV (91) 1 37.4 
Unaccounted 1 19.7 
Temperature * Seedlot 18 14.2 
Error 84 10.9 
*, ** Denotes significance at the 5% and 1% levels, respectively 
C = Constant temperature (25 C); F = Huctuating temperature (35/15 C) 
^ I = Parents germiated at 25 C; 
n = Parents germinated at 35/15 C 
in = Parents germinated at 25 C following stratification 
rv = Parents germinated at 35/15 C following stratification 
F = Stratification in freezing environment 
C = Stratification in chilling environment 
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Table A-6. Analysis of variance for percent emergence of shattercane following Fall 
bund of seed and different dates of Spring/Summer raising. 
Source df Mean Square 
Rep 3 15.2 
Dale 6 50.9 
Linear 1 220.0* 
Quadratic 1 24.0 
Residual 4 15.4 
Rep * Date 18 20.3 
Depth 4 36.6 
Linear 1 86.1* 
Quadratic 1 58.0* 
Residual 2 1.2 
Date* Depth 24 35.8* 
Error 84 21.6 
* Denotes significance at the 5% level 
Table A-7. Analysis of variance with single degree of freedom comparisons for percent germination of 1985 (85), 1991 
(91) and 1992 (92) giant foxtail and shattercane progeny seedlots harvested from plants raised in the field (FL) 
and greenhouse (GH) in 1993 and 1994. 
Source df Giant Foxtail Mean squares Shattercane Mean Squares 
1993 1994 1993 1994 
Temperature (T)" 3 548.6** 4,685.1** 76,726.7** 142,015.1** 
cl: C vs F, C+F, F+C 1 347.6** 1,335.0** 228,000.5** 426,014.7** 
c2: F vs C+F, F+C 1 332.5** 176.3* 7.0 0.6 
c3: C+F vs F+C 1 966.2** 12,544.0** 22.6 0.1 
Seedlot (S) 5 8,144.8** 13,020.8** 4,063.2** 513.2** 
c4: GH vs FL (85) 1 3,663.0** 1,776.8** 455.0** 100.0** 
c5: GH vsFL(91) 1 2,223.4** 10,106.5** 7,055.5** 1,365.0** 
c6: GH vs FL (92) 1 11,993.0** 1,908.2** 9,009.4** 570.4** 
c7: 85 vs 91, 92 1 2,487.5** 449.8** 3,736.3** 506.3** 
c8: 91 vs 92 1 20,356.9** 50,862.6** 55.3* 24.1 
Age(A)^ 2 33.1 2,612.8** 610.8** 403.1** 
c9:0Mvs 1 M.5M 1 39.1 2,622.3** 953.3** 689.1** 
clO: 1 M vs 5 M 1 27.0 2,603.4** 268.4** 117.2** 
Temperature * Seedlot 15 273.9** 2,264.1** 4,396.1** 496.6** 
Temperature * Age 6 181.0** 534.4** 213.0** 123.1** 
Seedlot * Age 10 289.4** 973.8** 119.0** 90.0** 
Temp * Seedlot * Age 30 87.1** 151.4** 40.9** 73.1** 
Error 216 39.1 41.6 9.9 6.6 
*, ** Denotes significance at the 5% and 1% levels, respectively 
^ C = Constant temperature (25 C); F = Fluctuating temperature (35/15 C) 
^ 0 M, 1 M, and 5 M = At harvest, 1 Month, and 5 Months, respectively. 
Table A-8. Analysis of variance with single degree of freedom comparisons for percent germination of 1985 (85), 1991 (91) 
and 1992 (92) giant foxtail and shattercane progeny seedlots harvested from plants raised in the field (FL) and 
greenhouse (GH), and stratified in eithr Frrezing (F), Freezing and Thawing (FT), or chilling (C) environments in 
1993 and 1994. 
Source df Giant Foxtail Mean squares Shattercane Mean Squares 
1993 1994 1993 1994 
Temperature 3 432.2** 1,489.3** 23,942.3** 39,872.4** 
cl: C vs F, C+F, F+C 1 880.1** 3,850.7** 71,722.7** 119,474.1** 
c2: F vs C+F, F+C 1 42.8 176.3 14.1 62.3 
c3; C+F vs F+C 1 373.8** 441.0** 90.3 81.0 
Seedlot 17 180.1** 2,357.1** 10,288.3** 18,152.7** 
c4: GH vs FL (85) 1 6.0 1,261.5** 4.2 73.5 
c5;GH vs FL (91) 1 37.5 1,944.0** 715.0** 140.2 
c6: GH vs FL (92) 1 2.7 140.2 7,812.0** 2,400.0** 
cl: 85 vs 91, 92 1 841.0** 1,560.3** 5,112.3** 2,652.3** 
c8; 91 vs92 1 65.3 6,674.1** 16.3 630.8** 
c9: FT vs F, C 1 289.0** 12,769.0** 142,129.0** 292,140.3** 
clO: F vs C 1 533.3** 1,728.0** 8,910.8** 6,394.1** 
cll; c4 * c9 1 168.8** 1,728.0** 776.0** 60.8 
cl2:c4 * clO 1 110.3** 9,747.0** 517.6** 1,560.3** 
cl3:c5 * c9 1 48.0 441.0** 1,541.3** 884.1** 
cl4: c5 * clO 1 506.3** 1,587.0** 306.3* 420,3* 
cl5: c6 * c 9  1 10.1 1,681.0** 3,692.5** 36.8 
cl6: c6 * clO 1 196.0** 16.3 68.1 210.3 
cl7:c7 * c9 1 91.1 16.0 2,467.5** 512.0* 
cl8;c7 * clO 1 22.0 0.0 326.3* 130.7 
cl9:c8 * c9 1 57.0 433.5** 106.3 150.0 
c20; c* * clO 1 78.1 66.7 399.0** 200.0 
Temperature * Seedlot 51 289.4** 191.8** 812.6** 1,029.9** 
Error 216 24.0 48.6 52.7 78.2 
*, ** Denotes significance at the 5% and 1% levels, respectively 
C = Constant temperature (25 C); F = Fluctuating temperature (35/15 C) 
Table A-9. Analysis of variance with single degree of freedom comparisons for percent germination of giant foxtail 
progeny seeds that developed under different temperature, photoperiod, and moisture environments. 
Source df Environments" 
A B C D 
Temperature 2 85.8 2,534.3** 127.4 1,883.1** 
cl:25Cvs 30/20,35/15 C 1 117.6 1,540.1** 206.7 1,963.6** 
c2:30/20 C vs 35/15 C 1 54.0 3,528.4** 48.2 1,802.7 
Seedlot^ 5 2,819.9=1=* 3,225.5** 7,039.0** 1,723.9** 
c3:WWvs WS 1 1,393.8** 2,010.0** 40.1 2,433.8** 
c4; I vs II, III 1 12,534.7** 1,830.1** 25,840.2** 213.6 
c5: II vs III 1 37.5 2,035.0** 6,144.2** 384.0* 
c6: c5 * C3 1 104.2 4,293.4** 1,410.7** 1,232.7** 
c7: C4 * C3 1 29.4 5,958.7** 1,760.2* 4,355.6** 
Age 1 400.0* 2,162.3** 5,929.0** 608.4* 
Temperature * Seedlot 10 274.7** 115.3 184.6* 107.9 
Temperature * Age 2 52.0 502.6** 536.3** 189.8 
Seedlot * Age 5 253.3* 156.7 255.4** 25.2 
Temperature * Seedlot * Age 10 176.9* 234.4** 47.9** 132.2 
Error 108 81.5 90.6 75.6 97.1 
*, ** Denotes significance at the 5% and 1% levels, respectively 
^ A = Long Photoperiod, Low Temperature environment; B = Long Photoperiod, High Temperature environment 
C = Short Photoperiod, Low Temperature environment; D = Short Photoperiod, High Temperature environment 
b WW = Well-watered; WS = Water-stressed 
I = Panicles emerged between 0 and 5 Days after anthesis 
II = Panicles emerged between 5 and 20 Days after anthesis 
ni = Panicles emerged between 20 and 30 Days after anthesis 
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Table A-10. Analysis of variance with single degree of freedom comparisons for percent 
germination of shattercane progeny seedlots that developed under different 
photoperiod, temperature and moisture environments. 
Source df Mean Square 
Temperature 2 1,398.5** 
cl: 25 C vs 30/20, 35/15 C 1 2,790.8** 
c2: 30/20 Cvs 35/15 C 1 0.1 
Seedlot ^ 3 2,947.7** 
c3: B vs C 1 5,221.5** 
c4: WW vs WS 1 2,360.2** 
c5:c3 * c4 1 1,261.5** 
Age 1 228.2* 
Temperature * Seedlot 6 165.4** 
Temperature * Age 2 1,011.2** 
Seedlot * Age 3 1,006.4** 
Temperature * Seedlot * Age 6 232.7** 
Error 72 44.5 
*, ** Denotes significance at the 5% and 1% levels, respectively 
^ B = Long Photoperiod, High temperature environment 
C = Short Photoperiod, Low Temperature enviroimient 
